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A ~ S T RAC T 
A study of the intramolecular insertion reactions of 
aryl nitrenes is described. 
In Part I the preparation and photolytic decomposition 
of a number of aryl azides in diethylamine is described. The 
usual products were 3H-azepines but in one case ring expansion 
,. " 
did not occur and the major product was an aryl amine. Attempts 
to prepare aza-azulenes and azepinium salts from certain of the 
decomposition products were unsuccessful. 
In Part II an account of the experiments used to 
determine the effect of annelation upon the nitrene insertion 
reaction is given. The decomposition of 1- and 2-(azidobenzyl)-
naphthalene was shown to give predominantly acridan and acridine 
products, while the tetrahydro derivatives, 5- and 6-(2-azido-
benzyl)tetralin,.gave the ring insertion products, benzazepino-
indoles. The reasons for the differing reaotion pathways are 
disoussed. 
In Part III the preparation and thermal decomposition 
of a number of 2-azidotriphenylmethanes is described. The usual 
'products were aoridans and azepinoindoles ,but in one case, when 
a 4'-methoxyl group was present .in the azide, the major product 
was an 8,9-methanopyridoindole. Experiments to determine the 
nature of the [1,,3] hydrogen shift observed in the formation of 
the azepinoindoles are described. A mechanism is proposed which 
satisfactorily accounts for the observed products and product 
ratios. 
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I N T ROD U C T ION 
The work described in this thesis concerns the 
intramolecular insertion reactions of arylnitrenes. The generation 
and reactions of nitrenes are outlined in the following review.~ 
Thereafter the work is divided into three parts: 
Part I describes an investigation into the photolytic 
decomposition of 4- and 5-azidoindan, 4-azidobenzocyclobutene and 
2-azidobiphenylene in diethylamine and attempts to prepare aromatic 
ten1T-electron systems from certain of the decomposition products. 
Part II describes a,n investigation into the thermal decomposition 
of {2-azidobenzyl)naphthalenes and tetralins and the effect that 
annelation has upon the reaction pathways. 
Part III d€6Cribes an investigation into the thermal decomposition 
of substitute~ 2-azidotriphenylmethanes in an attempt to establish 
the part played by electron availability in the nitrene insertion 
reaction. Experiments to elucidate the mechanism of the nitrene 
insertion reaction are also described. 
REVIEW 
/ 
2. 
REVIEW 
NITRENES 
Nftrenes are monovalent nitrogen intermediates in which the 
nitrogen atom has six electrons in its outer shell. As such they 
are isoelectronic with carbenes and can exist in either an 
electrophilic singlet state 1 or a diradical triplet state 1 . 
•• • 
R - N R - N: 
•• • 
1 2 
. 1 4 
Though the formation of nitrenes was postulated - many 
years ago to account for the mechanisms of the H~fmann, Curtlus, 
Lossen, ~eckmann and Stieglitz rearrangements, extensive interest 
in and evidence of their intermediacy has only arisen in the last 
twenty years during which time a considerable number of papers and 
5-12 . 
reviews have been published. 
Much of the evidence for nitrene intermediacy in a reaction 
is based on the chemical properties of the species, the nature of 
the products and the product distribution, though physical data is 
also available. The ultraviolet spectra of a number of arylnitrenes 
produced by the photolysis of the corresponding azides in rigid 
- 13 
matrices at low temperatures have been described and the transient 
, ' 
intermediates produced by the flash photolysis of,. a variety of aryl 
aZides have been identified as triplet,nitrenes from their 
. - 14 15 
ultraviolet spectra t • 
. 
Data on the electronio speotra'of alkylnitrenes are non-
16 
existent. Wasserman and co-workers have reported the electron 
spin resonance spectra of the triplet state of primary, secondary 
and tertiary atkylnitrenes taken at 4°K. The facility for 
alkylnitrenes to enter into both intramolecular and intermolecular' 
reactions is revealed in the 'failure to detect these e.s.r. spectra 
at 77°K. At this temperature delocalised nitrenes such as aryl- and 
sulphonyl- are found to be appreciably stable17 ,18. 
Whilst the triplet nitrene state is well established there 
is very little direct evidence for the singlet state. Such evidence 
as there is for singlet nitrene intermediacy is obtained from reaction 
studies. The formation and reaction of nitrenes will be discussed in 
the following sections with special emphasis being placed on the 
formation of nitrenes from azides and on arylnitrenes. 
Nitrenes Generated from Azides 
The preparation and reactions of organic azides have been 
reviewed19 ,20. Only the uncatalysed thermal and photolytic 
decompositions of these azides will be discussed here. 
(a) Alkyl Azides 
Alkyl azides are thermally stable at room temperature, but 
• 0 
at temperatures in excess of 100 nitrogen is evolved in a first-
21 ' 
order homogeneous process • If the alkylnitrene so formed has an 
~-hydrogen atom then imine formation by a 1,2-hydrogen migration is 
the predominant reaction] (Sch~me1). Neither intermolecular 
hydrogen abstraction to form amines nor intramolecular cyclisation' 
offer seri~us competition to this rearrangement. 
SCHEME 1 
H ~ R, I •• 
R-C-N ~ R-C-N ~ /C=N, 
'I - ~ 3 ~ •• H H H > ,~ 
The absence of hydrogen atoms at the «-carbon inoreases the 
lifetime of the nitrene sufficiently to make possible non-
rearrangement processes, for example, the intramolecular 
22 
cyclisation shown in Scheme 2 • 
", l 
SCHEME 2 
R R 
R = CH], Ph ©:~R Ph 
T~e triaryl azides have been extensively studied23- 25 • 
. . 25 
~aunders and Ware examined the thermolysis of a series of 
p-substituted triarylmethyl azides and obtained migration aptitudes· 
and activation parameters for each azide. The activation parameters 
were compatible with the formation of a discrete nitrene intermediate 
but the kinetic data favoured a small amount of aryl participation in 
the transition state (Scheme 3). 
SCHEME 3 
< 
-C-N .. ····N:N 
I 
In a recent study of the thermolyses of tertiary alkyl 
. 22 
azides Abramovitch and Kyba observed intramolecular aromatic 
sUbstitution in addition to the expected aryl and alkyl migrations. 
This observation coupled with a comparison of the migratory 
aptitudes obtained from these thermolyses (e.g. 2-Ph.C6H4 / Me = 2.0) 
'~'1 
with those found in the triethyl phosphite deoxygenation of the 
corresponding tertiary alkyl nitroso derivatives 
(e.g. 2-Ph.C 6H4 / Me = 1600) led the authors to conclude that 
thermolysis leads to the formation of an electrophilic singlet 
nitrene intermediate and that there is no aryl or alkyl 
participation in the nitrogen elimination. 
" 'Th~e photolyses of primary and secondary alkyl azides are 
first-order, temperature-independent processes giving as the 
predominant products the aldimines formed by hydrogen migration. 
. 26 The direct photolyses of triarylmethyl azides were investigated 
and since no preferential group migration was observed it was 
concluded that a highly reactive nitrene intermediate was involved, 
with no alkyl or aryl participation • 
. In recent studies, Moriarty and Reardon27 , and Abramovitch 
28 
and Kyba ,have detected non-statistical migration, which these 
authors suggest proves that a discrete nitrene intermediate is not 
formed 'a~d that migration starts before the N-N bond is" completely 
broken'. ',', A' mechanism has been proposed which involves the preferred 
ground-state conformations of the azides and the geometry of the 
orbitals in the photoexcited state of the azido-group. 
(b) Aryl Azides 
The kinetic studies by Smith and Hal129 and Walker and 
Waters 30 on the thermal decomposition of aryl azides in inert 
media have shown that the decomposition rates are first-order and 
that the rate-determining step is the cleavage of the azide to form 
the nitrene. 
The presence of a nucleophilic substituent ortho- to the 
azide function can so assist in the decomposition of the latter that 
a discrete nitrene intermediate is never formed. The thermal 
decomposi tions of 2-ni trophenyl azide .2 to give benzofuroxan ,&31 ,.32 
(Scheme 4), of 2-azidobenzophenone 2 to 3-phenYlanthranil~33 . 
(Scheme 5) and the first elimination of nitrogen in the double 
cyclisation of 2,2'-diazidoazobenzene 1 to ~34,35 (Scheme 6) 
probably do not involve nitrene intermediates. 
6. 
SCHEME 4 
> 
SCHEME 5 
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+ 
.2. 6 -
.. 
~ 
SCHEME 6 
.• < 
Neither are nitrene intermediates involved in the 
thermolysis if the azide can undergo 1,3-dipolar addition to the 
substrate nor if the substrate participates in the rate-determining 
state19 ,30• (Scheme 1) 
SCHEME 1 
\ I 
-C-C---
___ >~ I \ 
....... N hN 
Ar 'N /'" 
The'rmolysis generates the ni trene 'in its' singlet state, 
reaction with the substrate or intersystem crossing to the triplet 
state with subsequent reaction then follows. The nature of the 
products obtained upon the decomposition of the azide has been used 
to infer the electronic state of the nitrene. Hydrogen abstraction 
, 36, 
is characteristic of a triplet nitrene whereas stereospecific 
C-H bond insertion is due to the singlet species31 • 
The:decoU'Position of the optically active azide 2. gives the 
indoline 12 (Scheme 8) but the degree of retention of optical 
activity depends upon the reaction conditions. The vapour-phase 
pyrolysis of the azide gives almost complete retention, indicating 
the intermediacy of a singlet nitrene, however, in solution, where 
the,presence of solvent molecules facilitates the singlet-triplet 
transition, only 6~/o retention of optical activity is observed38 • 
SCHEME 8 
Me 
Et 
> 
Me 
, ' 
" ' 
8. 
Intramolecular insertion of a nitrene into a saturated 
C-H bond is favoured over the corresponding bimolecular reaction. 
This type of cyblisation shows a strong preference for five-membered 
ring formation and a selectivity for tert. C-H> sec. C-H > prim. C-H. 
This pr!f~rence is illustrated in the decomposition of 2-butylphenyl 
azide.11 (~.cheme 9). 
SCHEME 9 
> 
., ._, 
1!1-
PRODUCT 
RATIO 
43 
11 
Aromatic azides readily undergo intramolecular, but not 
29 40 . . intermolecular, aromatic substitution ' • Thus, the thermal 
, 41' decomposition of phenyl azide in benzene does not give 
diphenylamipe b~t aniline and azobenzene (Scheme' 10), the latter 
caused by dimerisation of the triplet nitrene or reaction of the 
nitrene,with unreacted azide42 • 
SCHEME 10 
> + 
The failure of phenylnitrene to undergo intermolecular 
attack has been explained43 by the delocalisation of the electron 
deficiency resulting in a negative charge i.e. decreased 
electrophilicity, on the nitrogen atom 11-12 (Scheme 11). 
SCHEME 11 
%+) N-
..... .. 
12 
The introduction of an electron-withdrawing substituent 
in the aromatic nucleus causes the destabilisation of structure 12 
and when the aromatic substrate is sufficiently nucleophilic then 
intermolecular aromatic substitution occurs44 (Scheme 12). 
SCHEME 12 " 
Me Me 
, . 
'~Me . Me 
<. ; 
-" ,,/ , N 
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CN 
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I 
Me,~N~ 7 +~CN 
Me NH ", 
,2 ~',_ . 
~I 
CN 
10. 
A range of heterocyclic systems has been obtained by aryl 
azide thermolyses. For example, the intramolecular cyclisation of 
2-azidobiphenyl has become the basis of a general synthesis of 
carbazole and its derivatives40 ,45 (Scheme 13). 
SCHEME 13 
:> 
R R 
Replacement of the phenyl group by pyridine gives entry into 
the carboline46 (Scheme 14) and pyridoindazole47 series (Scheme 15). 
In the latter case N-N bond formation competes effectively with N-C 
bond formation and the isomeric b-carboline is not found. 
In the carbostyril system 14 this preferred bond formation 
is not ob~erved and.the isomeric products 12 and 16 are obtained in 
. 48 r 
equal quantities (Scheme 16). 
SCHEME 14 
> 
SCHEME 15 
11. 
SCHEME 16 
N ::-
l 
Another new heterocyclic system which has been synthesised 
is thieno[3,2-b]indole 1S,obt6ined by the pyrolysis of 2-(2-azidophenyl)thiophen ll 4 (Scheme 17). . 
SCHEME 17 
, . 5 
©c§l7 
... N· 
3· 
5 co=n. ~ 
H 
> 
Cyclisation to form six-membered ring systems by insertion 
into an aromattc C-H bond has been reported for azi~es of type 12 
(Scheme 18). 
SCHEME 18 
Ref; 
49,50 
49 
49 
20 
12. 
However, the decomposition of 2-azidodiphenylmethane 
(12,Y=CH2 ) did not give 9,10-dihydroacridine (20, Y=CH2 ) but rather 
an isomeric substance 21 corresponding to insertion of the nitrene 
into an aromatic C-C b~d51,52 (Scheme 19). 
SCHEME 19 
H 
> 
21 
-
This illustrates again the preference for the formation of 
a five-membered ring. The decomposition of a number of substituted 
2-azidodiphenylmethanes has been studied53 • Compounds ,of type 11 
are usually obtained but the formation of acridines and dihydro-
acridines has been reported54 • 
The decomposition of substituted 2-azidodiphenyl sulphides 
gg has been extensi~ely studied50 ,55-51. These cyclise to give 
substituted phenothiazines of type 12 (Scheme 20), and in some 
., 56 
cases,.phenothiazines of type 1! q 
SCHEME 20 
.o:,'(R 
"N R 
, 3 _,'-- l. , 
22 
(D:S)0l 
~ R H 
'.:< 'I 
£! 
The formation of 1A can be considered to result from direct 
insertion but the formation of El requires a molecular rearrangement. 
A mechanism has been proposed which involves the spiro-intermediate 
12. This undergoes a 1,2-sigmatropic shift of the sulphur atom 
which, followed by prototropy, leads to the observed product 57. 
(Scheme 21). 
SCHEME 21 
•• 
23 < 
'. The blocking of both ortho-positions can effect the 
formation of a seven-membered ring. This has been observed in the 
decompositions' of 2, 6-dimethyl- and 2,4, 6-trimethylphenyl-
2-azidophenyl sulphide 57 (Scheme 22). 
SCHEME 22 
. 5 . )6lCH3 ' 
~I . "'~' ~ ~'. ~ ,cr,. . CH 
., ; N CH 3 
3 3 
Ring expansion to form a seven-membered ring system has been 
observed when arylnitrenes are generated in the presence of strong 
nucleophiles. It is thought that the singlet nitrene 11 is in 
equilibrium with the azirine intermediate 28; it has been shown by . 
14C labelling studies that the 1H-azirine 12 is not an intermediate61 • 
The azirine 28 is attacked by the nucleophilic reagent and the 
three-membe;ed ring opens 
the observed 3H-azepine. 
from the decomposition of 
SCHEME 2'3 
·orNJ 
26 
($-~ N 
H 
< > 
.. NHPh ~N.../-I --;;.. 
to form a 1H-azepine which tautomerises to 
Thus 2-anilino-3H-azepine jQ is obtained 
phenyl azide 12 in aniline 58 (Scheme 23). 
•• 
> 
{](~ 
21. 
V) 
~N + ~N-H 
H 
28 
NHPh 
~-H > H~H NHPh , '\ N . 
--
/ ) 
The photolysis of aryl azides leads to aryl nitrenes. One of 
the problems that has received some attention concerns the nature of 
the electronic state of the nitrene. Studies by Reiser and 
co-workers 62 on the photolysis of 2-azidobiphenyl showed that the 
triplet nitrene was an intermediate but that further irradiation was 
needed to· facilitate carbazole formation. This suggested that either 
-.. 
an excited triplet or a singlet nitrene was involved in the 
cyclisation. The use of singlet and triplet sensitisers in this 
Photolysis63 ,64 gave evidence which indicated that the singlet 
species was responsible for cyclisation. 
Contradictory evidence. was supplied by Lehman and Berry65 who 
studied the flash photolysis of 2-azidobiphenyl in cyclohexane. They 
have suggested a mechanism in which photolysis gives the singlet 
nitrene which-then undergoes rapid intersystem crossing to the 
triplet state. The triplet nitrene undergoes addition to the phenyl 
ring. There is then fast intersystem crossing to a,singlet 
intermediate followed by or concurrent with hydrogen migration. 
, 
The photolysis of aryl azides in the gas phase or in inert 
- . .'. . 65 66 
media leads to the formation of azo-compounds ' except where 
intramolecular cyclisation can occur. The presence of strong 
nucleophiles causes ring expansion and reasonable yields of 
2-substituted-3H-azepines can be obtained60 ,67,68. This ring 
expansion reaction will be discussed in detail in a later section. 
(c) Carbonyl Azides 
These include·the azide types R-CO-N
3 
andR-O:,CO-N
3
, where 
R = alkyl, aryl, 
The thermal decomposition of azides of the type R-CO-N
3
, the 
Curtius rearrangement, has been shown to give no nitrene products and 
the reaction evidently proceeds in a concerted manner with the 
elimination of nitrogen and group migration to form the isocyanate69 
(Scheme 24) • 
.§.CHEME 24 
. 9 
." ... c·· ... · 
R'Ct~~=N R-N=C:Q + N 2. 
16. 
Thermolysis of the alkoxycarbonyl azides leads to nitrene 
intermediates. These nitrenes are more reactive than the aryl-
nitrenes and undergo a wider range of reactions9,20: 
(i) stereospecific insertion into C-H bonds to give carbamates. 
(ii) Insertion into O-H bonds to give alkoxycarbamates. 
(iii) Insertion into N-H bonds to give substituted hydrazines. 
(iv) Stereospecific addition to C=C double bonds to give aziridines. 
With 1,3-dienes e.g. isoprene, only 1,2-addition is observed but the 
primary products can be thermally rearranged to the apparent· 
1,4-addition products (Scheme 25) •. 
SCHEME 25 
~. 
+ :> 
H COzEt 
(v) Ring expansion of benzene and its derivatives to form 
N-alkoxycarbonyl azepines (Scheme 26). 
SCHEME 26 
> 
(Vi) Reaction with heteroaromatics to form substituted pyrroles 
possibly via,R 1,4-bridged intermediate (Scheme 27). 
.§,CHE!vlE 27 ;' 
> ([) 
, 
CO Et 
2 
Photolysis of the alkoxycarbonyl azides produces both 
singlet and triplet nitrenes,. Lwowski and co-workers have examined 
the photolysis of ethoxycarbonyl azides in the presence of cis- and 
trans-4_methYlPentene_270 ,71 • From their observations they concluded 
that the system NC0 2Et / olefin behaves according to the model 
... 72 
introduced by Skell for carbenes ,i.e. singlet species give 
stereospecific addition, triplet species give non-stereospecific 
addition. They further postulated that 3~fo of the photolytically 
formed nitrene was in the triplet state. 
The reactions of the singlet nitrene have already been 
listed. The triplet nitrene can also undergo intermolecular 
reactions, e.g. additions to double bonds, hydrogen atom abstraction 
to form urethanes and reactions with polycyclic aromatic systems to 
form N-arylurethanes73 • 
Alkanoyl- and aroylnitrenes produced by photolysis undergo 
all the reactions observed for the alkoxycarbonylnitrenes but the 
Curt ius rearrangement of the azide always occurs and substantial 
69 yields of isocyanate are obtained • 
(d) Sulphonyl Azides 
The thermal decomposition of sulphonyl azides to give 
sUlphonylnitrene intermediates and nitrogen is first-order74 and is 
independent of sOlvent75 • The sulphonylnitrenes undergo most of the 
reactions observed for the carbonylnitrenes. They will insert into 
the C-H bond of saturated hydrocarbons to yield N-substituted 
sUlphonamides76 and undergo intramolecular C-H insertions to give 
sultams77 ,78 (Schem"e 28). 
§..CHEME 28 
> 
18. 
Thermolysis in the presence of aromatic substrates leads to 
the formation of N_arylsulphonamides79- 81 • The mechanism is thought 
to involve the addition of singlet sulphonylnitrene 11 to the 
aromatic nucleus to give a benzaziridine intermediate J1 with ring-
opening of the latter to form the observed sulphonamide l182 
(Scheme 29). 
SCHEME 29 
•• 
RS02 !f :> 
'21 
,t;i 
RSO-N'O 
2 :;.....' I -~>~ 
~ 
The benzaziridine is in equilibrium,with the'sulphonylazepine 
" ~ (Scheme 30)~ Azepine.24. (R = CH3) has been ,isolated in very low 
yield from the thermolysis of methanesulphonylazide in benzene at 
o 90. At higher temperatures it was converted to the sulphonamide l1 
(R = CH )82. 
3 
SCHEME 30 
> 
The use' of pyridines and substituted pyridines as substrates 
in the decomposition of the sulphonylazides leads to the formatio~ of 
83 85 ' N-pyridylsulphonamides and pyridinium ylides - (Scheme 31) • 
.. ~~_ .• Decomposi tion. o~ suitably substituted benzenesulphonylazides 
can t'esul t in' intramolecular aromatic sUbstitution 78 (Schemes 32,.,33). 
SCHEME 31 
> 
SCHEME 32 
SCHEME 33 
In contrast to the thermolytic decompositions of sulphonyl 
l' 
aZides the photolyses of aliphatic- and aromatic sulphonylazides in 
a variety of solvents produce only insoluble, high-melting materials 
-
which have not been characterised. There is no evidence of nitrene 
formation. 
20. 
(e) Cyanogen Azide 
Unlike most azides, which require temperatures in excess of 
100
0 
for decomposition to the corresponding nitrene, cyanogen azide 
086 
smoothly evolves nitrogen when heated to 40-50 , to give the 
symmetrical cyanonitrene (Scheme 34). The equivalence of the 
nitrogen atoms has been shown by 15N labelling experiments86 ,81. 
SCHEME 34 
N C N 
·3 
•• 
N=C-N 
•• 
.. ~ C ;> :N=C=N: < > N-C:N 
•• 
Though the chemistry of cyanonitrene has not been fully 
expiored some reactions are known. Insertions into aliphatic C-H 
bonds.to give cyanamides86 (Scheme 35) and reactions with benzene 
and substituted benzenes to give N-cyanoazepines88 (Scheme 36) have 
been studied and are believed to involve a discrete nitrene. However 
the reaction with olefins to form N-cyanoaziridines and 
1-alkylalkylidenecyanamides (Scheme 31) probably involves a 
1,3-dipolar addition ·followed by loss of nitrogen89 • 
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21. 
Nitrenes Generated from Nitro- and Nitroso-Compounds 
That deoxygenation of a nitro- or nitroso-group may generate 
a nitrene intermediate is an assumption often supported by 
similarities with the same intermediate which may be derived from 
the structurally related azide on elimination of molecular nitrogen. 
These similarities include inter- and intramolecular insertions and 
hydrogen abstraction. Deoxygenation can be brought about by the use 
of metals, metal salts90 , free radicals and terva1ent phosphorus 
reagents 9,91 ,92• Of these the deoxygenation using phosphorus 
reagents is the most useful since the starting materials are more 
readily available and the reactions are cleaner with less tar 
formation. 
Examples of reactions in which nitrenes are likely 
intermediates include; 
(i) The formation of 2-methy1indo1ine i2 from 
-. 93 2-nitro-n-propy1benzen~12 .The products of hydrogen ,abstraction and 
cOupling with the phosphorus reagent have also been isolated from 
this reaction (Scheme 38). 
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22. 
(ii) The formation of 2-ethylindoline, 2-methyl-1,2,3,4-
tetrahydroquinoline and 2-n-butylaniline from 2-nitro-n-
butylbenzene 93 • These compounds are obtained in similar yields from 
the decomposition of the corresponding azide 39 (Scheme 9). 
(iii) The de,oxygenation of 2'-nitro-2,4,6-trimethylbiphenyl which 
gives the products of hydrogen abstraction, C-R bond insertion and 
coupling with the reagent 94 (Scheme 39) 
.§,CREME 39 
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(i v) Azepine formation from the. deoxygenation of aryl ni tro- and ' 
nitroso-compounds in primary or secondary amines 94- 97 • 
(v) - The formation of phenothiazines by the deoxygenation of 
2-ni t'rophenylphenyl ·sulphides92 • 
(vi) The deoxygenation of N-nitrosobenzotriazole Jl to give 
products derived from~benzyne98 l2. An intermediate N-nitrene ~ 
is postulated. (Scheme 40) • 
.§,CHEME 40 
~ PRODUCTS 
In aromatic nitro- and nitroso-compounds which have an 
~.p-unsaturated group in the ortho-position there is a strong 
tendency for cyclisation on deoxygenation99 ,100. Though a nitrene 
intermediate can be postulated cyclisation by a concerted process 
cannot be ruled out. For example two mechanisms have been proposed 
for the formation of carbazole from 2-nitrosobiphenY199 (Scheme 41) • 
.§.CREME 41 
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Other Routes to Nitrene Formation 
(i) The base-catalysed decomposition of N-ary1su1phonoxyurethanes37 
The reaction involves initial loss of a proton followed by 
o{-e1imination of the su1phonoxy group (Scheme 42). The carbony1_ 
nitrene produced behaves like that generated by thermolysis of the 
azidoformates. 
SCHEME 42 
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Anitrene intermediate was also postulated in the base-
catalYsed decomposition of 1,1-dibenzyl-2-benzenesu1phony1hydrazine 
from which bibenzy1 was iso1ated101 (Scheme 43). 
,§,CHEME 4~ 
(ii) The oxidation of unsymmetrica1 disubstituted hydrazines 
results in a variety of reactions including fragmentation102,103, 
ring insertion104 , d~~amination105 and tetrazene formation106• 
~. " ~ ... ~. '.', 
Aminonit~enes have been proposed as intermediates ·in many of these 
reactions. 
The lead tetra-acetate oxidation of substituted hydrazines 
has received considerable attention in recent years. The oxidation 
of the hydrazines~ (a-d) produces the nitrenes i1 (a-d) which can 
b 101 108 109 110 e intercepted with olefine ' , and dimethylsulphoxide • 
(Scheme 44) • 
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Phthalimidonitrene ~ reacts with alkynes to give 2H-
azirines111 ..4.1 presumably by the rea.rrangement of an initially 
formed 1H-azirine A1 (Scheme 45),with simplefurans to give ring-
opened compounds112 (Scheme 46) and with benzofurans to give 
aziridines113 (Scheme 47) 
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(iii) 114 The thermolysis of aziridine A! • 
26. 
The aziridine AA is simply 
prepared by the oxidation of N-aminophthalimide in the presence of 
2-acetylbenzofuran. In boiling benzene it dissociates to 2-acetyl-
benzofuran and phthalimidonitrene ~ (Scheme 48) 
SCHEME 48 
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,The phthalimidonitrene generated by this route undergoes all 
of the' reactions observed for the nitrene generated by oxidation. In 
addition it reacts with nucleophilic aromatic substrates to give 
3H~az'epines1.15 Azepine formation is postulated as occurring via a 
benzaziridi~e intermediate: There is ring expansion to form a 
1-aminoazepine which then undergoes rearrangement to the observed 
3H-azepine (Scheme 49). -
The nitrenegenerated by lead tetra-acetate oxidation does 
not give ring expanded products. The acetio aoid produoed during the 
reaction causes the initial benzaziridine intermediate to open to 
give C-H insertion products • 
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I N T ROD U C T ION 
An extensive investigation into the syntheses and reactions 
of the aza-analogues of the aromatic ten 11 -electron systems 
naphthalene and azulene has been conducted at this University by 
Gurnos Jones and co_workers 52- 54 , 116-123. 
The success of these investigations has encouraged further 
studies into iso-IT-electronic analogues and,the aim of the work 
presented ,in this section was to prepare d.erivatives of the aromatic 
cyclopentazepines A2-jl and the potentially aromatic azabicyclo[5,2,0] 
nonatetraenes ~_2Q. 
1 
2 N 8 3~7 
4 5 6 
2 I 
3 N 1 9 41T'~H 
~8 5 6 
There are no reports of cyclopentazepines in the literature 
prior to 1950 ,but preparative routes to derivatives of Aj, and.4.2 
have Sin~e.been·reported. 
28. 
Qyclopent[bJazepine 
6,1,8-triphenylcyclopent[b]azepine 22 was reported by 
Conner and LeGoff124 in 1910. Treatment of pyrrolidine 21 with 
4-hydroxy-2,3,4-triphenyl-2-cyclopenten-1-one 21 in toluene 
containing a catalytic amount of p-toluenesulphonic acid gave, after 
chromatography, the cyclopent[b]azepine 22 (Scheme 50). 
SCHEME 50 
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Though this sYnthesis was reported as being the first 
prepar'ati ve route to a ·cyclopent[ b] azepine there is an 'earlier 
, . 125 .... 
report by Treibs and co-workers of a dark blue oil presumed to 
be 4-a,z~benz[ c] azulene .2§. obtained from ,6-ethoxycarbonyl-4-aza_ 
benz[ c] azulene.,22 by treatment with methanolicpotassium hyd'J::ox1de. 
The ethoxyc~rbonYl-4-azabenz[c]azulene ,22 was obtained by heating 
I 0 ,~ ". 
4-azafluorene 2! with ethyl diazoacetate at 130 (Scheme 51). 
,§,CHEME 51 
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29. 
Cyclopent[cJazepine 
The first synthesis of cyclopent[c]azepine 21 was reported 
in 1961 by Hafner and Kreuder126 • The reaction between' 
6-dimethylaminofulvene 21 and N,N-dibutylaminoacraldehyd~ 2§ in 
the presence of oxalyl chloride and sodium perchlorate gave the 
salt 22. Hydrolysis of the salt gave the aldehyde 60 which when 
treated with ammonia was converted to the cyclopent[c]azepine 21 
(Scheme 52). 
SCHEME 52 
61 
The synthesis of a substituted cyclopent[c]azepine has 
<' 127 128 . 
since been reported ' • The reaction between the fulvene 
. . 
aldepyde62 and acetamidine hydrochloride 22 gave the aldehyde ~ 
which underwent ring closure to the: 3-substi tu ted cyclopent[ c] azepine 
.§.5. (Scheme 53). - ' 
A similar reaction has be~ome the basis of a pat~·n.t 1,29 • 
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30. 
There have been no reports of the synthesis of the 
azabicyclo[5,2,O]nonatetraenes ~-2Q though dihydro- derivatives 
are known; 4-methoxycarbonyl-4-azabicyclo[5,2,O]nona-2,5,8-triene 
22 was first reported by Masamune and Castelucci in 196413°. It 
was prepared by the thermal rearrangement of the 9-azabicyclo[6,1,0]_ 
nonatriene 68 which was i teelf obtained by the a,ddi tion of 
methoxycarbonylnitrene 66 to cyclo-octatetraene &1 (Scheme 54). 
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Similar nitrene additions have resulted in the formation of 
the 4~ethoxYCarbOn;1- and 4-cyano- derivativee131,132o 
'!variety of N-substituted derivatives 12a-lli have been: 
1 .' , 
prepared 33 from'the 4-ethoxycarbonyl compound 1Q. via the lithium: 
derivative 11 (Scheme 55). 1./ " 
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The parent compound 72a is an air-sensitive oil which 
readily resinifies. There have been no reports of attempts at 
dehydrogenating this compound or any of its derivatives. This is 
possibly due to the ease of thermal isomerisation. When"warmed to 
o " . 
56 . in benzene 4-acetYl-4-azabicyclO[5,2tO]nona-2t5t8-triene~ 
produces a two-component equilibrium mixture consisting of 95% 12e 
o 
and 5% 12. An increase in temperature to 76 results in the 
formation of the dihydro-indole lA and the 2-azabicyclo[5,2,O]nona_ 
triene 12 which at higher temperatures isomerises to the dihydro-
indoles lA and .1§.134 (Scheme'56). 
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The only.non-nitrene route to this system was reported 
recently by Martin and Hekman135• The reaction between the Dewar 
benzene derivative 11 and the meso-ionic compound ~ gave the 
highly substituted 4-methyl-4-azabicyclo[5,2,O]nonatriene 1i 
(Scheme 57). 
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There have been no reports of attempts to prepare these 
" . -
systems by thenitrene-induced intramolecular ring expansion of a 
benze'n'oid precursor, though this is an established route to azepines. 
The first synthesis of an azepine was in 1912 when Wolff58 
studying the decomposition of phenyl azide in aniline at 150 0 
isolated in low yield a compound C12H12N2 which he named "dibenzamil". 
Several incorrect structures were proposed initially for this 
'. , '59 
compound until Huisgen and co-workers obtained improved yields 
" . 
and suggested the structure 2-anilino-7H-azepine. With the advent 
of nuclear magnetic resonance spectroscopy the structure was 
. 60 
mOdified to 2-anilino-3H-azepine ~. (Scheme 58)0 
SCHEME 58 
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The meohanism of the ring expansion has been proposed to 
involve the formation and subsequent intramolecular cyolisation 
of phenylnitrene followed by reaction with the amine 59- 61 
(See Scheme 23). ,Support for the existence of a 1H-azepine 
intermediate has come from the s~udies bY,Sundberg and co-workers67 
" 
on the photolysis of ortho- substituted aryl a,zides in diethylamine. 
'The photolyses were shmm to lead mainly to oxygen-sensitive 
meta-stable intermediates rather than directly to the 
2-diethylamino-3H-azepines and n.m.r. spectral data indicated that 
'~ 
these intermediates were 2-diethylamino-1H-azepines. 
Although the thermal and photochemical decomposition of 
aryl azides in amines appears to provide a facile route to azepines 
failure to undergo ring expansion has been noted for certain azides. 
These include the naphthyl aZides59 ,61, p-nitrophenYlazide136 , 
4-azidob~nzo[b]'thiophen137.~nd 5-azidobenzo[b]thioPhen137. The 
last case is of interest in that a derivative of o-phenylenediamine 
is formed (Scheme 59). 
SCHEME 59 
N 3~C,\ 
. ~ I 
5 
N -~>~ 
R= -N(e H) 
, 2 5 2 
< (' 
H ." 
~N .J~~ R·~S/ 
The formation of the diamine §1 has been rationalisea as 
shown in the previous scheme. The ring-opening of the aziridine 
intermediate ~ to give the thienoazepine ~ w~uld,be thermo-
dynamically unfavourable since it involves the loss of 
aromaticity:in both rings. 
Other routes to 3H-azepines will be summarised briefly; 
(i) The-deoxygenation of nitro- and nitroso-benzenes in the 
presence of primary or seco~dary amines94- 97 • "' 
(ii) Reaction of phenoxide ions with chloraminel 
Treatment of a hot ,solution of sodio-2,6-dialkyl- and 
2,4,6-trialkyl phenoxides "~ith chloramine leads to the formation 
138 
of 1, 3-dihydro-2H-azepin-2-ones' (Scheme 60). 
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These dihydroazepinenes when treated with triethyloxonium 
fluoroborateafford the 2-ethoxY-3H-azepines which can be readily 
converted t6 the amino-derivatives139 (Scheme 61). 
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(iii) Cyclisation of dinitriles: 
The action of hydrogen haftdes on a dinitrile such as .§A 
in which the cyano groups are in close proximity with each other 
leads to cyclisation -and formation of the 3H-azepine derivatives 
§.2 and 86140 ,.141 (Scheme 62) • 
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(iv) Photo-rearrangement of anthranils: 
Irradiation of anthranils in methanol leads to 3H-
azepines 142 ,143. '. A mechanism for this' rearrangement involves N-O 
bond cleavage to give an arylnitrene which undergoes aziridine 
formation, addition of methanol and ring expansion to the 
azepine (Scheme 63). 
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(v) Ring expansio~ of 1-azirines via cyclo-addition: 
Treatment of 2-phenyl-1-azirine ~ with the cyclopentadienone 
~ in refluxing benzene gave the azepine §21 44 ,1 45 (Scheme 64) • 
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36. 
It was deoided to prepare azepine derivatives suitable for 
oonversion into oompounds of the types il-2Q by the photolysis of 
substituted phenyl azides in diethylamine. This neoessitated the 
preparation of 4-azidoindan~, 5-azidoindan 21, 4-azidobenzo-
oyolobutene ~ and 2-azidobiphenylene ii. 
N . 
. r6J N . 3'©O 
N 
3 
37. 
D I S C U S S ION 
PREPARATION OF THE AZIDES 
, \ 
Two routes to the desired azides were envisaged. These 
were from the aryl amines by diazotisation and treatment with 
sodium aZide146,~47 and from the aryl bromide via the Grignard 
compound 1 ~8 ., ' 
A mixture of 5-amino- and 4-aminoindan was obtained from 
commercially,available indan by nitratlon149 and catalytic 
, , 
hYdrogenation. Separation was readily achieved by crystallisation 
~f the fumarate salt of" 5~aminoindan after the method of Rhomberg 
and ~erger150. The aminoindans were converted to the azides by 
diazotisation and reaction of.the diazonium salt with sodium aZide. 
. . 
FOllowing a procedure used at this laboratory all diazotisations 
were carried out in sulphuric a~id containing 5~ by volume of 
purified 1,4-dioxan which had the effect of keeping ,the amine,salt. 
, '0 . . , 
in solution even at -5. 4-azidoindan was also obtained in low 
. , 151 yield 'from 4-bromoindan • 
~enzocyclobutene was prepared by the methods of Oliver and 
Ongley152 and Sanders,and Giering153• ~romi~ation154gave 
4~bromobenzocyclobuten~ i~,reasonable'Yield (54%) but attempts to 
prepare the azide gave poor yields and the product was contaminated 
with unre~cted starting material. Nitr~tion155 gave a l~w yield of 
, , - .~ .' f' , , ~ ,. -:- '" " c ,., '".J. ./ .'._ ' '. " ~ • _ ~he'4-nitroderivative butconversion·tothe:amineand thence'to the 
a~id~'.was7 accompiish~d 'i~"~" much high;r o~~rall~ ;1eld • 
.. , .. ~ .,' -. 
~iphenylene was prepared by the method ot Logullo, Seitz 
and Friedman156 and converted to the azide via the bromlde157• In 
this case reasonable yields of both the bromide and the aZide were 
obtained. 
38. 
DECOMPOSITION OF THE AZIDES 
Each azide was decomposed in diethylamine solution at room 
temperature by irradiation with ultra-violet light from a Rayonet 
"photochemical reactor 'equipped with 300-nm lamps. The assignment 
of structures to the decomposition products was based largely on 
the interpretation of their n.m.r. spectra and these are 
extensively discussed throughout this section. The mass spectra 
are discussed collectively at the end of this section. 
No attempts were made to characterise all the products of 
the decompositions. The crude decomposition mixture was examined 
by gas chromatography (g.l.c.) and linked gas chromatography-mass 
spectrometry (g.l.c.-m.s.) for azepine products which were then 
isolated and characterised. 
The decomposition of 4-azidoindan ~ gave a black tar 
which was shown on examination by g.l.c. to comprise at least 
seven components. Linked g.l.c.-m.s. indicated that three of these 
components ha~" a molecular ion an,d fragmentation pattern consistent 
with a cyclopentazepine structure. 
An initial (separation of the products was obtained by 
column chromatography on alumina. Each fraction was then separated 
by extensive preparat"ive layer chromatography until samples of each 
cyclopentazepine were isolated. 
The structure of one of these cyclopentazepines was 
aSSigned as 1~diethylamino-6,7,8,8a-tetrahydrocyclopent[c]azepine 
.2! on the basis of its n.m.r. spectrum (Figure 1).' ' 
The low-field doublet (J=8Hz) centred at b6.90p.p.m. is in 
accord with the partial structure -N.CH-. This doublet is coupled 
to the signal at 65.68p.p.m. which has secondary coupling (J-6Hz) 
, . 
39. 
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to the broadened doublet at 66.10p.p.m •. '.rheseeheaical shirts and 
COUpling constants are in good'agreement with those observed for 
the structurally related 2-diethylamino-3,4-dimethyl-3H-azepine ~6? 
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40. 
The assignment of structures to the other isomeric 
cyclopentazepines proved more difficult. The n.m.r. spectrum of 
each compound shows two signals in the olefinic region: a doublet 
tJaSHz) centred between 66.0- 6.5,. and a 11'1'11 quartet centred 
between 64.5-5.0p.p.m. These signals are compatible with a carbon 
framework comprising a methylene group attached to a vinyl 
structure possessing ex. and p protons i.e. -CH2-CH=CH-. 
A study of the proposed reaction mechanism reveals four 
cyclopentazepines ~-~ which have this carbon framework. These 
derive from the azirines 21 and ~ with which the nitrene ~ is in 
equilibrium (Scheme 65) • 
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41. 
Structure ~ can be excluded on the basis of the chemical 
shift of the azepine methylene protons which occurs at 62.5p.p.m. 
This shift is too small for the methylene situated between a 
nitrogen atom and a double-bond system as can be shown by reference 
to the 2H-azepines 1QQ and 1Q!158• 
R 
S 5.52 
H 
H3CO ;ejNEtz : ~ 3.25 < N H.,' H - H . CH .,' H S 2.38 : 
3. 
OCH, OCH . 3 
.. 
R ~ N:p~~hali~ldo~ 
102 
-
A further argument is based on the fact that the two ,l~ .. :" ¥:j"'.I;J ~_., 
methylene groups adjacent to the C.N group of the amidine 1Q£ give 
, 60 
signals at b2.38 and 3.2-3.3p.p.m. ." 
Though the'n.m.r. spectra of the pure cyclopentazepines 
~-~ would be similar, marked differenoes could be expected to 
result from the addition of a lanthanide Ehift reagent. 
This reagent consists of a six-co-ordinate metal complex 
which readily expands its co-ordination in solution to accept 
further ligands. The substrate co-ordinates to the reagent through 
a heteroatom which exhibits some degree 'of Lewisbasicity. Addition 
of the reagent to the solution of the substrate leads to the 
formation of the equilibrium 
K 
L + S ~ [L5] 
where L,S,[LS] are. the concentrations of the reagent; substrate and 
oomplex respectively and K is a constant. Owing to the magnetic 
inter-action with the metal ion in the complexed substrate the 
n.m.r. positions of associated nuclei in the substrate differ from 
.those in the uncomplexed state and since the "equilibrium is rapid 
in the n.m.r. timescale only a single average signal is recorded 
tor each nucleus in the different environment. The magnitude of 
42. 
the lanthanide induced shift is proportional to the distance from 
the metal ion and thus a differential expansion of the spectrum is 
observed159 
. . 
The 2-diethylaminocyclopentazepines could be expected to 
Co-ordinate to the reagent through the ami dine function. The 
protons most affected by the magnetic inter-action with the metal 
ion would be" those on carbon atoms alpha to the amidine function 
(Figure 2), protons further along the carbon chain would experience 
lesser shifts. 
::-;:;;:,;-ry .':-~ <' .... 
!.IGUlm 2 
Figures 3 and 4 show the effect of the shift reagent 
Eu(fOd)3 [tris-(1,1,1,2,2,3,3-heptafluoro-1,1-dimethYloctane_4,6-
dionato)-euroPium(III)] upon the n.m.r. spectra of the 
cyclopentazepines. 
In Figure 3 the largest down-field shifts ,are observed for 
the signals attributed to the diethylamin~group and the olefinic 
proton signal at 66.40p.p.m. This latter observation enabled the 
assignment of the 4R-azepine structure m to one'of the 
cyclopentazepines. 
In Figure 4 resolution of the spectrum has been achieved 
due to the large down-field shifts of the diethylamino-group 
signals and the Ca methylene signal. :Both.the C6 and Ca methylene 
signals are clearly visible. as triplets and the azepine methylene 
appears as a doublet (J.1RZ)~ The signal du~'to the methylene 
protons has undergone a greater shift than the signals due to the 
olefinic protons. This would be expected for ",structure such as 
.~ where the ~ethYlene group is nearer'to the co-ordi~tion site 
than the olefinic protons. 
43. 
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45. 
The formation of the 4R-azepine ~, though unexpected, is 
67 not without precedent as Sundberg and co-workers have observed the 
formation of 7-diethylamino-3methyl-6-(2,4,6-trimethylphenyl)_4H_ 
azepinejQ! from the decomposition of 2-mesityl-5-methylphenyl 
azidejQl (Scheme 66). Sundberg suggested that the predicted 
3H-tautomer 1Qi was not formed because of severe steric interactions 
introduced by the mesityl group in either conformation of this 
tautomer • 
.§9HEME 66 
H,C CH, 
,: . 
Examination of Dreiding models of the cyclopentazepines 
.2! and m and po'ssible precursors to these compounds revealed no 
SUch interaction-and so the formation of the 4H-azepine.2..22 
remains unexplained. 
46. 
The decomposition of 5-azidoindan ~ gave a black oil from 
which was obtained, by bulb-to-bulb distillation, a mixture of 
2-diethylamino-1,bt T,8-tetrahydrocyclopent[d]azepine 1Q2 and 
3-diethylamino-4,6,7,8-tetrahydrocyclopent[c]azepine 1Q1. 
EtN , 
H 
ill 
The assignment of the cyclopent[d]azepine structure 106 
to the major product was based on the chemical shifts of the olefinic 
pr?tons H-4 and 5,(Figure 5). These occur as a pair of doublets' 
(J. 8Hz) at 66.77 and 5.56 p.p.m. in good agreement with the . 
chemical shifts and coupling constants of the corresponding protons 
in 3-acetyl-2-piperidino-3H-azepine ..1Q!!143 and 2-diethylamino-3,5_ 
dimethyl-3H_azepine 12267• 
H 
COCH3 
108 
-
.1Q2 
CH 
3 
H & 5.53 H J 68.8 Hz b 6.92 5.45 
., J 8 Hz 
Separation of these isomeric cyclopentazepines was not 
achieved and the assignment of the cyclopent[c]azepine structure 
.1.Q7. to the ~l~~~'p;oduct' was ba,s.ed on the spectral'data of the '. 
mixture. Linked g.l.c.- m • .s". gave, for both compounds, the same' 
. molecular ion and similar fragmentation patterns while close 
eXamination of the n.m.r. spectrum revealed an ill-defined triplet 
at 64.73 p.p.m. and an anomalous enlargement of the down-field peak 
47. 
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of the doublet at 66.77 p.p.m. Treatment of the n.m.r. solution 
with the Europium shift reagent EU(fOd)3 caused a down-field shift 
of the doublet at 66.77 p.p.m. with resolution into two Signals 
comprising a singlet and a doublet. Similar resolution into two 
quartets was observed for the signal at 63.3 p.p.m. attributed to 
the methylen~ protons or the diethylamino residue (Figure 5). 
Structure 1QI satisfactorily accounts for these observed 
Signals with an adequate comparison provided by 2-diethylamino_ 
3,6-dimethyl-3H-azepine ill and 2-diethylamino-5-methyl-3H-azepine . 
111'67 . '. 
--- . . 
Et~N 
H 
H H b 4.9 
H 0 6.91 
CH, 
110 
-
CH3 
The decomposition of 4-azidobenzocyclobutene .2£ gave one 
m~jo'r:' product, isolated after chromatography, which had n.m.r. 
Signals (Figure 6) at 66.75 and 5.36 p.p.m., both doublets (J • 7Hz), 
and,a two-proton singlet at 62.69 p.p.m. The Similarity with the 
spectrum or the cyclopentazepine 106 was striking and the product 
was formulated as 3-diethylamino-2H-4-azabicyclo[5,2,O]nona-
3.5,7(1 )-triene ill., 
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The presence, in trace quantities, of an isomeric 
azabicyclononatr'iene was noted'in the n.m.r. spectrum of the crude 
decomposition' product •. This isomer was not isolated •. 
;·t 
r. 
The crude product obtained from the decomposition of 
2-azidobiphenylene llwas subjected tp preparative layer '", ." 
. chroma tograph7. '. One major and several'm1l>or' bands."ire· 0 b~.rv.d·:' Th. 
" . '."",- .", . . 
major band was removed to yield a compound identified, from literature 
datJ6~O ~ ~~ 2~aminobiphenYle~e1·~3..· .' 
r "7--';- ,_. -' 1'-, .~- 0 ___ ' .J.-'-'" ." • 
50. 
Removal of one of the minor bands yielded a small amount 
of a coloured material which was identified from its mass spectrum 
as an azobiphenylene 11!. No other products could be identified. 
~SS SPECTRA OF TREAZEPlNES 
The differences in structure observed for the various 
cyclopentazepines'appear.to have little effect upon the mass 
Spectra of the individual compounds. The predominant features are 
peaks at m/e 204, 18~, 115 and 132, which correspond to the molecular 
ion and to;the loss, from the molecular ion, of a methyl, ethyl and 
dlethylamino fragment respectively (Scheme 67; path ,'8.). 
; .. " m 
A minor breakdown pattern, which gives peaks'at, /e 161 and 
141. could arise by the sequential loss of an ethylene and a methylene 
fragment from the fragment of m/e 189 (Scheme '67.: path b). 
, 
The fragmentation of the cyclopentazepine ring system 
(m/e 132) may proceed by the sequential loss of HCN (27 mass units) 
and ethylene.(28 mass units). since peaks at m/e 105 and 17 are 
'observed (Scheme6a). A similar type of fragmentation of the ion at 
ID/ m 
e 147 may have occurred to give peaks at /e 120 and 91. _ 
The only other significant peak is that at m/e 12 which 
corresponds to the diethylamino .~ragment (Scheme 67. path c) • 
.. 
• 
SCHEME 67 
+ + 
CHCH path c /CH2CH3 /. 2 3 
R-N .. :. N , 
. 'CH CH 
: CH2C~ 2 3 
m/e 204 m/e 72 
... ~ 
+ + 
. /CH2 path a R-N R-N· , > \ \ tH2CHJ CHCH 2 3 
m/e 189 m/e 175 
. path b ! ·R 
+ +/ 
. CH m/e 132 
R- ~ .l. R-NH N, . > 
'H 
m/e 161 m/e 141 
Note: Direct loss or C2H5 and N(C2H5)2' rather than sequential 
loss will also occur. 
R = tetrahydrocyclopentazeplne nucleus 
+ 
52. 
SCHEME 68 
HH + 
>" 
10,._ .",'" 
.. ' .~; >Tbe' mass spectrum of. the azabicyc10[ 5, 2,O)nonatrienelli 
differs' from t'he mass spectra ~f th~ cyc10pentazepines ln'that the 
base peak is formed'by the loss of one hydrogen atom from the 
molecular ion. In other respects the fragmentation pattern is 
similar. 
The loss of a methyl, ethyl and diethy1amino fragment gives 
rise to the peaks at m/e 175, 161 and 118 whilst a further loss of 
HCN (27 m~ss units) results in the peak at m/e 91. 
. The only other significant peak is that at m/e 72 which is 
due to the fragment [N(C2H5)2]+. 
, " .'~ 
" . 
53. 
MECHANISM 
The review showed that the photochemical decomposition of 
aryl azides in a strong nucleophile leads to the formation of 
", 
3H-azepines. In particular the elegant research by Sundberg and 
67 ' 
co-workers ".,has demonstrated the intermedi~cy of 1H-azepines. 
However, in one respect, the directional specificity of·the ring 
expansion, Sundberg's observations differ from those of other workers. 
In theory the decomposition of an asymmetrically 
substituted aryl azide should result in the formation of two isomeric 
azepines,but Sundberg found that certain aryl azides, having only one 
ortho substituent, underwent ring expansion with exclusive migration 
of an unsubstituted ortho carbon atom in preference to a substituted 
one67 (Scheme 69). 
SCHEME 69 
•• 
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Contradictory observations were recorded by Eerwick143 for 
the decomposition of 2-azidoacetophenone in both methanol and 
, .". "' , 
piperidine •• Eoth decompositions gave two isomeric azepineproducts 
and ino'ne 'c'ase, the decomposition in pip~ridi~e, the isomeric 
azepines were obtained in statistical quantities. 
Similar results were obtained during the course of this 
work. The decomposition of 4-azidoindan ~ gave a mixture from 
which three isomeric tetrahydrocyclopentazepines were obtained. In 
partial accord with Sundberg's observations insertion had occurred 
predominantly away from the ortho substituent (80% of azepine formed). 
Mixtures of isomeric azepines we!e also obtained from the 
decomposition of ' 5-azidoindan.21 and 4-azidobenzocyclobutene ,2Z.and 
in each case the. predominant isomer was the one in which insertion 
had occurred between C-4 and C-5 (Scheme 70). 
54. 
,§"CHEME 70 
Yield 
, x = 1 85% 
x = 0 ' 95% 
There is a limited knowledge of the factors which govern 
the directional specificity of the, ring insertion. Recent work27 ,28 
with alkyl azides has indicated that the ground state conformation 
can be important in determining the migratory aptitudes of groups in 
the molecule but an attempt to adapt this model to the ring expansion 
problem met with failure67• 
The deoxygenation by terva1ent phosphorus reagents of 
aromatic nitrocompounds,has also been used asoa route to ;H-
azepines 94- 97., In a recent paper Athertonand Lambert97 described 
the deoxygenation of a number of mono- and di-substituted nitro-
Compounds by a1ky1phosphorus triamides. For example, the reduotion 
of ;,4-dimethy1nitrobenzene gave two isomeric products as shown in 
SCheme 71.' 
,§"CI!EME 71 
Et N' H H" " 
P(NEt) 2 tjiCH3 '~CH 
--?f)-;JiI" '. N ' , '+Et N /''','' 3 
Et2NH -- CH 2 , ~ 
, 3, 'H H CHs 
, 7CfJ)J 30% 
Total yield of azepine = '1% 
The reduction of a range of meta-substituted nitro-
compounds, whioh gave the results shown in Scheme 72, led Atherton 
and Lambert to suggest that eleotron'withdr~W'ing groups in the meta 
• !, ,-. I .... 
POSition favoured the production of 6-substituted-;H-azepines and 
'that e1eotron releasing groups, in the same position, favoured the 
formation of the 4-substituted isomer (Soheme 72). 
,§,CREME 72 
R 
Cl, 
Ph 
4-pyridyl 
CH3 
N NEt2 f_~H + 
R 
4-Isomer 
5% 
18% 
19% 
28% 
55. 
~NEt2 I " H 
- H 
R 
6-Isomer 
28% 
31% 
30% 
19% 
One facto~ which might have governed the isomer 
distribution of the azepines derived from 5-azidoindan and 
4-azidobenzocyclobutene is the strain effect of the fused ring. An 
extensive study of the reactivity of~ aryl positions 0( and p to a 
fused strained ring has been made during the last 45 years. Most of 
the work 'on 'tetralin and indan ha~ 'betm directed towards sup~orting 
or disproving the possibility of bond fixation in the aromatic part of 
the molecuie; 'This idea was first postulated in 1930 bi Mills and 
. 161···· " 162 
Nixon and disproved soon afterwards by Kistiakowsky whose work 
on the heats of hydrogenation of alkyl benzene derivatives showed 
that the benzene ring was stabilised by resonance, thus precluding 
any bond fixation. 
Although the Mills-Nixon theory was soon disproved their 
Observations still stand. These were: ' ". 
(i) " that 5-substi tuted indansunderwent electrophilic . 
Substitution predominantly in the 6-position. 
(ii) that 6-substituted tetralins underwent electrophilic 
sUbstitution predominantly in the 5-position. 
E+ 
R ~ 
00 
56. 
A recent paper163 concludes that both strain and 
hybridisation effects co-operate to determine reactivities in aryl 
groups bearing fused strained rings. Vaughan, Welch and Wright151 
have shown that in electrophilic reactions the ratio of ~ to p 
sUbstitution decreases in the order, indan, o-xylene, tetralin. In 
explanation of this they pointed out that in the Wheland intermediates 
for ~andP substitution, the bond common to both rings has 2/3 and 
1 ' /3 double bond character respectively (Scheme 73). 
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In the case of indan this will lead to increased strain ., 
in the fused' ring for "'- and decreased strain for the,., -substi tution 
and thus the latter will be favoured. In tetralin, any strain will 
be increased in the formation of the transition state for 
Cl-substitution and decreased in the case ofp-substitutionso,that 
. the latter will be favoured. The corresponding but much larger 
effect would also account for the almost complete p-orientation 
observed with benzocyclobutene154 ,164. 
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A different explanation of the observed reactivity has been 
advanced by Streitweiser and co_workers165• They postulated that the 
atomic orbitals of a fused-ring aryl carbon atom used to construct 
the strained .. ring have higher p. character than usual so that the 
remaining orbital used in bonding to the adjacent aryl carbon atom has 
more .. s character. The 0(. carbon is thus bound to an orbital of higher 
electronegativity than usual and the consequent electron withdrawal 
from this carbon atom will lower the reactivity towards electrophiles • 
• increased p character 
, 
, 
o increased s character 
. H 
:6 
The observed ratios of,the isomeric azepines obtained from 
3,4-dimethylnitrobenzene, 5-azidoindan and 4-azidobenzocyclobutene 
fall 'into the pattern previously set by the electrophilic 
substitution reactions discussed. above (Scheme 74). ' 
SCHEME 74 
~'i ,) -;,;.{ , '.,;' j <:: _" ~ j,4-dimethylnitrobenzene 
. .' ,. t'· ~,'!" ' 
5-azidoindan 
4-azidobenzocyolobutene 
4,5-Isomer 
70 
5,6-Isomer 
30 
15 
5 
It thus appears that the nitrene is acting as an 
electrophileand that the strain effects implicit in the fusion of a 
cycloalkane ring to the aromati~ ring are affecting the isomer 
distribution.' 
The previous discussion suggests that the decomposition of 
6-azidotetralin would give two isomeric azepines with the 5,6-isomer 
as the major product. 
58. 
FUrther work in this field could be directed towards 
proving this hypothesis and making a thorough study of this area of 
nitrene chemistry. 
It ,was hoped that the decomposition of 2-azidobiphenylene 22 
.' , 
would give ,'rj,ng expanded products analogouS' to those. obtained from 
the decomposition of·4-azidobenzocyclobutene. These products would 
have the extra degree of unsaturation that could not be introduced 
into the azabicyclo[5,2,O]nonatriene 11£ (Scheme 75). 
SCHEME 75 
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The decomposition gave no ring expanded products, only a 
moderate yield of the hydrogen abstraction product'2-aminobiphenylene. 
In this, biphenylene is following the pattern set by other polycyclic 
aromatic systems. The naphthYl azides59 ,61 and 4- and 5-azidobenzo-
. 1'%7 [b]thi~phen .I, ; under ,the same conditions, do not decompose to give 
azepine products and no ring expanded products are observed in the 
reaction between ethoxycarbonylnitrene and naphthalene, anthracene 
and pyrene 73 •... , . 
" The meohanism' of azepi.ne formation was discussed in .the 
Review. '~~ieflY', theaziridine' intermediate which arises fr~m the 
Singlet nitrene undergoes addition of diethylamine and ring opening 
(Scheme 76). 
.§.CREME 76 
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The barrier to ring expansion in the polycyclic aromatic 
systems is probably the loss of aromaticity which must be incurred 
during the expansion. For example, the postulated mechanism of the 
transformation of 2-azidonaphthalene to a benzazepine must include 
a transition state in which all of the naphthalene resonance energy 
is lost. Thus the reaction does not proceed and other processes 
OCcur which give rise to the obserVed products (Scheme 77) • 
.§.CIlEME 77 ' ,~:, " 
.. ' 
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. A similar type of energy barrier is probably operating to 
divert 2-nitrenobiphenylene from undergoing the insertion reaction. 
In this case however the strain effects could be due to the formation 
of a butadiene system (Scheme 78). 
SCHEME 78 
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A communication by lddon, Pickering and suschitzky166 on 
the photolytic decomposition of certain 6-azido[b]thiophens 115 (a,~) 
in diethylamine has recently been published. In this paper the 
authors report the isolation of 6-diethYlamino~8H-thieno[2,3-C]­
azepine derivatives 116 (a,b) from the rea~tion mixtures and claim 
these reactions ~o be the first photolytically initiated ring 
expansio~s of fused bicyclic aromatic azides toazepines. These 
compounds are .unusual in that they are 2H azepines; the only other 
example of 2H-azepine formation is from the.reaction between 
phthalimidoni t"rene and activated benzene derivatives 158• 
" The proposed reaction mechanism is shown in the following 
scheme. 
,) 
61. 
SCHEME 79 
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The thieno-azepines 11fu! and 116b have the following n.m.r. 
data: 
Et2N Br. EtlN C01CH3 
H H 
~ lli1 
H4 ~ b 6.69 ~ H3 b 7.70 
H5 b 7.11 J I: 12Hz H4 ~ 6 6.60 ~ 
H5 6 7.1S J I: 12Hz HS 6. 4.20 
HS 6 4.25 
62. 
The chemical shifts recorded for the protons H-4 and H-S 
seem high for an alkene system isolated from the conjugated nitrogen 
function and are more in accord with the partial structure 
= N - CH = CH -. An alternative mechanism to that shown in Scheme 79 
leads to a molecule 117 (a,b) containing this partial structure 
(Scheme 80) ... 
SCHEME 80 
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The down-field position of the azepine methylene signal 
which, it was inferred, was due to the proximity of the methylene 
group to the ring nitrogen atom, could also be due to the combined 
effects of the diethylamino group and the thiophen ring. 
In conclusion, though it may be argued on mechanistic 
grounds that· the. proposed structure ill is correct, .the available 
evidence lis·· such that structure ID cannot. be ruled out as a 
Possiblealternatlve. 
ATTEMPTS TO PREPARE AZEPINIUM SALTS AND AZA-AZULENES FROM THE 
AZEPlNES 
The formation of,an aza-azulene from thetetrahydrocyclo-
pentazepine .. system requires the removal of two molecules of hydrogen. 
A reagent which has ,been used for the introduction of unsaturation, 
is 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ). For example, 
the partially saturated [10]annulene ~ was dehydrogenated by DDQ' 
, 161 in refluxing dioxan to 1,6-methano[10]annulene 112 (Scheme 81). 
SCHEME 81 
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Similarly, in boiling benzene, this reagent converts 
tetralin into naphthalene and acenaphthene into acenaphthYlene168 •. 
. . Accordingly, cyclopent[ d] azepine 1Q.2 was reaC,ted with DDQ 
in boiling benzene. Removal of the solvent gave a black tar which 
resisted attempts. at purification and identification. No starting 
material was recovered. 
Dehydrogenation of hydro-aromatic compounds has also been 
achieved using palladium-on-charcoal. Tetralin and decalin have 
. 169 been dehydrogenated to naphthalene and octahydrophenanthrene 
and octahydroanthracene gave the aromatic compounds on similar 
treatment169• The hydro-aromatic ketone jlQ gave 1-phenanthrol 121 
170 ---in naphthalene containing the palladium catalyst (Scheme 82). 
SCRID'lE 82' i ' .. 
Pd-C 
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Treatment of the cyclopent[d]azepine 106 with 1~~ 
palladium-on-charcoal in a sealed tube at 250 0 gave a green oil 
which,did not have analytical figures consistent with 
2-diethylaminocyclopent[d]azepine, the expected product. Examination 
of the n.m.r. spectrum showed the presence of aliphatic protons only. 
Be,cause of the limited quantities of the available 
tetrahydrocyclopentazepine no further experiments were tried. 
Attempts were also made to dehydrogenate the azabicyclo- . 
[5,2,0]nonatriene 111. It was hoped that removal of a molecule of 
hydrogen, to give the tetra-ene 1£g, could be induced and that the 
further loss of a hydride ion could also be achievea (Scheme 83). 
SCHEME 83 
.' A reagent which has been used to effect double-bond 
formation is N-bromosuccinimide (NBS). This dehydrogenation is 
achieved by allylic bromination followed by loss of hydrogen bromide, 
. 111 
as for example, in the production of cortisone,· '(Scheme 84).·: 
SCHEME 84 
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The reaction of the azabicyclononatriene with NBS as 
described by the above authort71 ,172 gave, instead of a white 
preoipitate of suooinimide, a brown, intraotable tar which could not 
be identified. Examination of the liquor revealed the absence of 
both starting material and the expected product. 
T~e formation of the azepinium system requires the removal 
of a hydride ion and a reagent which has been used for this purpose 
is triphenylmethyl fluoroborate. Dauben and co-workers173 have 
prepared a tropylium salt by reaction of oycloheptatriene with 
triphenylmethyl tluoroborate in solution in acetonitrile at _20 0 
(Scheme 85). 
SCHEME 85 
A"H 0'H + 
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The reaotion between the azabicyclononatriene 111 and 
triphenylmethyl fluoroborate under the oonditions described by 
174 . Dauben" did not give an azepinium salt. Instead only tarry 
produots were obtained. These could have been formed by the 
polymerisation of a reactive intermediate whioh, in view of the 
instability of related systems13.o-134, would not beunexpeoted. 
No further attempts were made to dehydrogenate this' 
compound. 
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66. 
I N T ROD U C T ION 
The failure of 2-azidobiphenylene 2i and other polycyclic 
aromatio azides to undergo ring expansion to azepine derivatives 
upon de~omposition59,61,137 prompted a study into the effect of 
* anmelation upon the mode of the nitre ne insertion reaotions. 
The system chosen for this study was 2-azidodiphenyl-
methane 12. The thermal deoomposition of this compound was first 
. 51 
reported in 1968 by Krbechek and Takimoto ,who proposed the struoture 
11H-azepino[1,2-a]indole 1!! for the m~j~r produot. The deoomposition 
was thought to proceed by the attaok of a nitrene·intermediate on the 
adjacent aromatic ring giving an azabicycloheptadiene intermediate 1li 
whioh underwent ring expansion to the azepine (Soheme 86). 
SCHEME 86 
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* as used by Clar175to i~dioate the enlargement of an 
aromatio system by the fusion of a benzene ring.'" 
Jones and co_workers 52- 54 , lin the course of their studies 
of the azonia-azulenium system~, re-examined this decomposition 
and amended the structure of the isolated product to the isomeric 
10H-azepino[1,2-a]indole l! on n.m.r. evidence. 
Several substituted 2-azidodiphenylmethanes have since 
been prepared and decomposed53 • The usual products were 
10H-azepino[1,2-a]indoles and 6H- or 8H-tautomers. In azides having 
a 2t-methoxyl group, appreciable quantities of 9,10-dihydroacridines 
and acridines were isolated54 • 
In order to study the effect of annelation upon the mode 
of the nitrene insertion reaction it was decided t~ investigate the 
decomposition of the simplest annelated systems derived from 12, the 
azidobenzylnaphthalenes ~ and 111. To provide a direct comparison 
the non-annelatedsystems ~ and 1li were also synthesised and 
decomposed. 
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68. 
D I S C U S S ION 
PREPARATION OF THE AZIDES 
The azidobenzylnaphthalenes and tetralins 112 - 1£2 were 
prepared from the aminobenzoyl derivatives by reduction of the 
carbonyl group followed by conversion of the amine to the azide. 
The known aminobenzoylnaphthalenes were isolated from the 
reaction between 2-methyl-3,1-benzoxazin-4-one (acetanthranil) 122 
and th~'naphthyl Grignard reagents (Scheme 87), a synthesis first 
employed'by Lothrop and Goodwin176• This reaction suffers from the 
reported disadvantage.that acetanthranil is unstable and only 
moderate yields of ketone are obtained but during this work it has 
" . , 
been'foUnd that distillation of the acetanthranil, prior to use, 
results in higher yields. The preparation of 5-(2-aminobenzoyl)-
tetralin was achieved in a similar manner-from 5-bromotetralin177• 
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The Friedel-Crafts aroylation of tetralin . with :: . 
2-nitrobenzoylchloride gave a poor yield of 6-(2-nitrobenzoyl)-
tetralin; this compoUnd, on catalytic h7drogenation, gave 
6-(2-aminobenzoyl)tetralin .::_" . .-
A simple method of reducing benzophenones to diphenyl-
methanes is by dissolving sodium in ethano1178 , but this method 
could not be used because of the ease with which the reagent 
reduces naphthalene to 1,4-dihydronaphthalene. Of the other methods 
available for the reduction of ketones to methylene groupS172,179 
" 180 
the Wolff-Kishner/Huang-Minlon reduction , seemed the most 
promising.' 
Initial attempts at the reduction of 1-(2-aminobenzoyl)-
naphthalene gave low yields of 1-(2-aminobenzyl)naphthalene and a 
high recovery of starting material. Examination of ,the reaction by 
gas chromatography revealed that hydrazone formation was extremely 
slow but when complete high yields (9~~ +) of the product could be 
obtained. 
All the amines were converted into the corresponding 
.' . -
azides by diazotisation in a mixture of 4N-sulphuric acid and 
1,4-dioxan and the reaction of the diazonium salt with sodium azide. 
DECOV~OSITION OF THE AZIDES 
Each azide was decomposed under nitrogen in 1,2,4-trichloro-
benzene solution at 180 - 200°. 
The assignment of structures to the decomposition products 
.- " ..... 
was based~largely on the'interpretation of their n.m.r.,and 
ultra-violet spectra and these are extensively discussed throughout 
this section. The mass spectra are discussed-collectively at the 
end of the section. 
The decomposition of 1-(2-azidobenzyl)naphthalene 126 in 
, ,." '0 ,'," 
trichlorobenzene at 195 gave a mixture which was 'shown on examination 
, ,,~,' 
"' by gas chromatography to comprise five components of which two made 
. ~-- ~ " 
up the major proportion. 
--. , 
Acid washing of a portion of the crude product removed one 
of the major products. Subsequent treatment with aqueous ammonia 
" and ether extraction gave a compound identified as benz[ a] acridine 
181 ", . 12Q from literature data • The other major product was isolated 
from the residue and identified as7,12-dihydrobenz[a]acridine 111182• 
'. 
70. 
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An initial separation of the decomposition products was 
obtained by column chromatography. Further separation was achieved 
by preparative layer chromatography and samples of each of the minor 
products were isolated. These were identified as 1-(2-aminobenzyl)-
naphthalene 1l£ and two isomers of molecular formula C17H13N. On 
the basis of their n.m.r., .. mass and ultra-violet spectra these 
isomers were assigned the structures: 7H-indolo[1,2-a][1]benzazepine 
1ii ~nd 7H-indolo[2,1-a][2]benzazepine jj!. 
H 
ill 
- -
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In the former~for which 10H-azepino[1,2-a]indole1153 
provides an adequate comparison, the n.m.r. spectrum (Figure 1) 
contains a poorly resolved methylene doublet at 6 3.2 - 3.5, two 
one-proton signals at 6 6.54 (doublet J - 1a.5Hz) and 05.9 -
6.4 p.p.m. corresponding to the olefinio protons n-5and H-6 and a 
one-proton p";'indole singlet at 0 6.21 p.p.m. In addition, the ,--
ultra-violet spectrum shows the absence of extended conjugation 
(A max 263~5='nm). 
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In the latter, the extended conjugation (~max275.5, 312nm) 
and the n.m.;. spectrum (FigUre 8) which ~ontains a methylene doublet 
( J -= 6.5Hz) at l) 4.58 p.p.m., two olefinic o~e-proton sign~ls at 
l) 6.8 (doublet J 1:1 10.5Hz, H-5) and 6 6.0 ~ 6.5 (H~&) and aone-protolt 
p-indole single~ at l) 6.71 p.p.m.,.can be compared with the spectra 
of 6,8,10-trimethyl-6H-azepino[1,2-a]indo1e53• 
Decomposition of the isomeric 2-(2-azidobenzy1)naphtha1ene 
12T at 180 0 gave a red oil which consisted of one major and two 
minor components. Trituration of the crude product with ethanol 
precipitated 7,12-dihydrobenz[c]acridine 1li identified from 
literature data181 •. The residue was separated by columnohromatography 
and the remaining components ide~tiried as benz[o]aoridine1361~1, and 
2-(2-aminobenzy1)naphtha1ene 111. 
Whereas the thermolysis of the azidobenzy1naphtha1enes 
gave predominantly acridine ,.and dihydroacridine products the 
decomposition of 6-(2-azidobenzy1)tetra1in ~ gave as the major 
product 7,8,9,1o-tetrahydro-12H-indo1o[1,2-b][2]benzazepine lli. 
The ultra-violet spectrum of the compound showed the 
absence-of-extended conjugation (~max 270 nm) and the n.m.r. 
spectrum (Figure 9) showed a P -indole singlet at b 6.07,. a 
broadened methylene doublet at 6 3.26 ( J - 7Hz) and a one-proton 
triplet at 6 5.63 p.p.m. (H-11). all spectral data agree well with 
those of the 10H-azepinoindo1es53• 
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A number of minor products were also formed during the 
decomposition but only one was isolated and identified. From the 
characteristic ultra-violet absorption and the n.m.r~ spectrum 
I . 
o (, 
this product was identified as 1,2,3,4-tetrahydrobenz[c]acridine ~. 
The decomposition of 5-(2-azidobenzyl)tetralin 1£2 in 
1,2,4-trichlorobenzene at 183 0 gave a product mixture which, on 
examination by gas chromatography and thin-layer chromatography, 
appeared to contain at least eight components. Partial separation 
of the mixture was achieved by column chromatography on alumina. 
Each fractiQ~ was then separated by preparative layer 
chromatography until pure samples of five products were isolated 
and characterised. 
; The isolated products are recorded below in order of 
elution from the column. 
( i 
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The 13bH-indo10[2t.,~-a][2]benzazepine llQ. was an unstable' 
oil and its structure was assigned on limited spectral data. 
The n.m.r. spectrum (Figure 10) showed a mu1tip1et at 
·6 5.4 - 5.9 due to the olefinic protons H-5 'andH-6; ap-indo1e 
singlet at 6,6.12 and a one-proton triplet (J == 7Hz) at 6 3.33 p-.p.m. 
ascribed ta, the methine proton,. H-13b. 
, -' Additional evidence for this structure was provided by the 
u1tra~violet spectrum which showe~ the absence of ' extended 
conjugation' (~max 271. 5 nm). : 
6 
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The structure of the 7H-indolo[1~2-a][1]benzazepine 1!1 
was readily assigned on the basis of its n.m.r. spectrum (Figure 11). 
The two-proton doublet at 6 3.20 and the sharp singlet at 
6 5.99 p.p.m. were both indicative of the 10H-azepinoindole ring 
s1stem and the chemical shifts of the remaining seven-membered ring 
protons ( 6 5.5 - 5.9 p.p.m.)~showed.ihem to be isolated froa the 
nitrogen atom thus. indicating the presence' of the [1]benzazepine 
structure. Confirmation was provided b1 the ultra-violet spectrum 
which showed no extended conjugation (A max 268 nm). 
78. 
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" The presence of extended conjugation (A 325, 348 nm) 
max 
in the ultra-violet spectrum of the third compound eluted from the 
column indicated the 7H-indolo[2~1-a][2]benzazepine structure lAl. 
This was confirmed by the n.m.r. spectrum (Figure 12) which showed 
. a broadened methylene dou~let at 6 4.5, a two-proton multiplet at 
6 5.8 6.2 (H-5, H-6) and a fo -indole, singlet a~ 6 6.48 p.p.m. 
6 
, The fourth product eluted from the column was a secondary 
amine with a molecular formula C17,H17N and was assigned the structure 
4,5,6,6a,7,12-hexahydronaphtho[1 ... 8-bc][1]benzazepine ill after an 
analysis of its 220 MHz n.m.r. spectrum (Figure 13).: . 
Nitrene attack at the peri-methylene group must have 
occurred to.give this compound. 
L 
a 
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The most striking feature of this spectrum.was the pair:of 
one-proton doublets (J • 15.2 Hz) at 6.'3.36' arid .6 4~92 P.P.m. 
These signals were attributed to the methylene group protons o'f the 
, ' 
seven-membered ring. "The constraints applied by ~he tetralin ring 
system hold the molecule in oneconformation~' thus restricting 'ring 
inversion and making the methylene grou~ protons non-equivalent. , 
Similar coB£ormational effects are seen in the n.m.r~ 
183 . 
spectra of the dibenzo- and tribenzocycloheptatrienes ill and ill • 
R 
ill 
,R. R~:·:". JO • '12.5 Hz 
R • C2H5~JAB • 12.5 Hz 
.. 
80. 
FIGURE 14 
other signals include a broadened one-proton1 singlet at 
b 3.3 which undergoes deuterium exchange and is due to the amine 
. 
proton and a one-proton signal at b 5.1 ~ 5.2 p.p.m. which is 
.. 
assigned to the methine proton H-6a. 
The latter signal is split~ superficially, into a quartet 
by vicinal coupling with the methylene group at c-6 (Figure 14). The 
quartet results from equatorial-axial and equatorial-~quatorial 
interactions with the non-equivalent protons of the methylene group, 
the non-equivalence is caused by the " inflexibility of the molecule. 
The n.m.r. spectrum ~r the hexahydrobe~~~cridine lA! 
contained a two-proton singlet at b 3.94 and a one-proton, D20-
exchangeable signal a~ b 5.72 P.P.m. 
Rapid ,oxidation or this compound made it necessary to 
characterise it as the tetrahydro- derivative!!l. This compound 
81. 
showed the typical spectral properties ot the acridine system. 
ill 
MASS SPECTRA OF THE INDOLOBENZAZEPINES 
Two breakdown patterns have been observed: 
In the indolobenzazepines 1ll and 12! the loss of one mass 
m . . 
unit from the molecular ion and base peak at ~e 2~1 gives an ion 
corresponding to the fully aromatic indolobenzazepinium system. A 
Further loss of 26 mass units (HC:::CH) gives the only other 
- m 
significant peak in the spectrum, at ~e 204 which could correspond 
to the azapentalene systems ~ (from 1ll) and 1!2 (from 12!). 
A peak at m/e 115.5 is due to the doubly'oharged 
indolobenzazepine system. 
The tetrahydroindolo~enzazepines 1.l§" lli, ill and ill 
show a similar pattern. In each case the first loss is of one mass 
unit from the molecular ion and base peak which 'again represents the 
aromatic system.· A "second loss of 28 mass units (CH2 • CH2) gives 
the other. major peak at m/e 206. ' 
82. 
lr.ECHANISM 
The Review showed that the thermal decomposition of aryl 
azides proceedsv!a an electrophilic singlet nitrene intermediate. 
The reaction must then continue with an attack by the nitrene on the 
adjacent ar~matic ring. The nature of the species thus produced is 
in question" both a spirodienyl system 12Q184 and the isomeric 
azanorcaradiene m 51 ,53 have been proposed as intermediates 
(Scheme 88). 
SCHEME 88 
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The spirodiene intermediate was proposed to' explain the . 
rearrangements observed in the decomposition of substituted 
2-azidodiphenyl sulphides (Schemes 20 and 21) and related compounds 
and an azanorcaradiene intermediate was postulated by Krbechek and 
Takimoto in. 'their ~aper51 on the decomposition of 2-azidodiphenyl-
methane. 
Al though there is no direct evidence for either form" for 
simplicity of discussion, the azanorcaradiene·intermediate will be 
used throughout this section • 
. The experiments described earlier in this section suggest 
explanations for the failure of annelated systems such as naphthalene 
to undergo ring expansion following nitrene insertion. The 
decomposition of the tetralins ill and m shows that the geometry 
of the naphthalene systems 1£2 and JlI is suitable for~ -bond 
insertion and that the preferr~d reaction is ring expansion to 
azepinoindole derivatives. 
The loss of aromaticity inherent in the ring expansion of 
the naphthalene derivatives must be the factor that influences the 
reaction pathway. In the decomposition of the 1-naphthyl derivative 
126, two intermediate azanorcaradienes 15l and 122 are possible 
(Scheme 89). The formation of 15l requires the complete loss of 
resonance energy of the naphthalene system and so is disfavoured 
relativ~~to intermediate 122 in which the resonance energy of only 
one ring is lost. However, if this intermediate proceeds to the 
necessary p~ecursor for indolobenzazepine formation 12!~ the 
remaining resonance energy is lost; hence ring opening to give 
benzacridan 1i! is favoured. 
SCHEME 89 
•• 
Similarly the decomposition of 2-{2-azidobenzyl)-
naphthalene1£! gives two azanorcaradienes (122 and 122) and the more 
energetically favoured path is through intermediate 122 to the 
benzacridan 112 (Scheme 90). 
. ... , . 
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SCHEME 90 
•• 
The decomposition of 6-(2-azidobenzyl)tetralin ~ gave, 
as the major product, 7,8,9,10~tetrahydro-12H-indolo[1,2-b][2]­
benzazepine~. No isomeric indolobenzazepine was isolated from 
, . 
the reaction although the formation of two ring expanded products is 
mechanistically feasible (Scheme 91). 
SCHEME 91 
.. 
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In this behaviour the system is acting normally, as 
reactivity studies have shown that tetralin is activated towards 
electrophilic attack in the 5- position. (The reactivity of aryl 
positions ~and p to a fused strained ring was discussed in Part I, 
page 53). 
The direct opening of the azanorcaradiene intermediate~ as 
shown in Schemes 89 and 90, leads to an intermediate which must 
undergo a hydrogen shift to produce the final product. Experiments 
to determine the nature of this shift will be discussed in Part Ill. 
PAR T III 
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I N T ROD U C T ION 
The decomposition of the naphthalene systems described in 
Part 11 gave an insight into the reactivity of nitrenes towards 
polycyclic aromatic species. The work described in this part of the 
thesis attempts to correlate the reactivity of the nitrene 
intermediate with the electron availability of the aromatic nucleus 
into which it inserts and to elucidate the mechanism of the insertion. 
During the course of their studies into the synthesis of 
the azo~ia-azulene system Cliff and Jones52 ,53 examined the 
decomposition of 2-azidodipheny1methane 12. This compound decomposed 
at 1Sa o in an inert solvent to. give a single product, identified as 
10H-azepino[1~-a]indo1e l! (Scheme 92). These authors also showed 
that replacement of one of the methane protons by a methyl group ~ 
did not affect the course of the reaction, in this case a moderate 
yield of 11~methy1-10H-azepino[1,2-a]indo1e 12! was obtained. 
The replacement by a phenyl group of one of the methane 
protons in 2-azidodipheny1methane might also be envisaged as having 
no effect upon the·reaction mechanism; however, both phenyl groups 
would be vulnerable to attack from the nitrene intermediate. In the 
, 
simplest case, with two unsubstituted phenyl rings ~, the expected 
product would be 11-pheny1-1 OH-azepino[ 1 ,.2-a] indole ill but the 
presence of a substituted ring with a differing electron availability 
might cause preferential attack of the nitrenedntermediate and the 
_. 
predominance of one expected product over the other. 
SCHEME 92 
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Accordingly it was decided to investigate the decomposition 
of substituted 2-azidotriphenylmethanes. The compounds chosen for 
investigation weres 
(i) .' 
(ii) . 
(iii) 
jj,§. X == H, 
160 X == OCH3, 
ill X = C02CH3" 
.' ,162 X == C02CH3" 
2-azidotriphenylmethane ~ 
2~azido-4t-methoxytriphenylmethane 1£Q 
Y==H 
Y==H 
Y==H 
y, == OCH3 
the methyl ester of 2-azido-4'-carboxytriphenylmethane 161 
, , -
(iv) ,.e:, the'methyl ester of 2-azldo-4',-carboxy-4.-methoxytriphenyl-
methane ,ill. 
88. 
D I S C U S S ION 
PREPARATION OF THE AZIDES ' 
The first synthesis of 2-aminotriphenylmethane was achieved 
, 185' by ]aeyer and Villiger , in 1904. The reaction between ethyl 
anthranilate and excess phenylmagnesium bromide gave 2-aminotriphenyl-
carbinol m which" on treatment with zinc dust and acetic acid, gave 
2-aminotriphenylmethane 1§! (Scheme 93). 
SCHEME 9' 
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A second synthesis was reported by Klieg118,6 a few years 
later. This worker reacted 2-nitrobenzal chloride 122 with benzene 
in the presence or aluminium chloride and obtained 2-nitrotriphenyl-
methane 122 which he reduced to the amine using alcoholic stannous 
chloride (Scheme 94). 
SCHEME 94 
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A third reaction, which has been used with some success, 
is the Lewis 'acid catalysed condensation "or 2-ni trobenzaldehyde with 
activated benzene derivatives.' Tanasescu and co_workers187,188 
prepared the 2-nitro-4't4"-diamino derivative~rrom aniline in the 
" 
89. 
presenoe of anhydrous zino ohloride and the 2-nitro-4',4"-dihydroxy 
oompound from phenol and phosphorio aoid. The latter oompound 
underwent a number of reaotions inoluding benzoylation, -aoetylatiom 
and methylation. Reaotion with benzene in the presenoe of aluminium 
ohloride to give 2-nitrotriphenylmethane has also been aohieved189• 
~he preparation of 2-aoetamidotriphenyloarbinol ~from 
2-methyl-3,,1-benzoxazin-4-one .12Q. and exoess 
was first reported by Lothrop and Goodwin176 
reaotion has been used by Sisti and Cohen190 
substituted 2-aminotriphenyloarbinols. 
SCHEME 95 
phenylmagnesiumbromide 
(Soheme 95). This 
to prepare a number of 
St1les and S1st1191 have also used the reaotion between 
methyl anthran1late and an exoessof a Grignard reagent t~ prepare 
various subst1tuted 2-am1notriphenyloarbinols (Soheme 96). 
SCHEME 96 
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-2,6-d1methylphenyl 
2-ethoxyphenyl 
The reduotion of, tr1phenYloarb1n~lto tr1phenylmethan~ ! ~ 
has been aoh1~ved by a var1etyof reagents inolud1ng z1nc dust and 
aoetic ac1d 185, a solution of sodium borohydride/boron tr1fluo;ide" 
in d1g1yme/tetrahYdrofuran192~' 98% formio a01d193 and 1sopropanol 
and aqueous sulphur1c a01d194• In'this work most of the triphenyl-
carb1nolswere reduoed, in good yields, using formic aoid. 
90. 
The preparative procedures listed above have one common 
feature in that they introduce two identical aromatio gro~ps into the 
molecule. No procedure for the introduction of two different groups 
into the moleoule could be found in the available literature. 
The preparation of 2-acetamidotriphenylcarbinol 122 was 
achieved il?- good yield (60%) from 2-methyl-3,1-benzoxazin-4-one .1l2 
. 176 by the method of Lothrop and Goodwin '. The 4'-methoxy derivative 
was obtained ueing commercially available 2-aminobenzophenone. 
Sev~ral experiments were tried to achieve optimum results. 
The reaction between excess p-anisylmagnesium bromide and 
. o· '" 
2-aminobenzophenone in tetrahydrofuran at 0 ~~ve, after hydrolysis, 
a mixture of product and starting material which could not be 
separated by column chromatography. 
, !,repeat of the above experiment using 2-acetamidobenzo-
phenone gave better results.! mixture of the acetamidocarbinol and 
2-acetamidobenzophenone was obtained but this was readily separated 
~ ~ ~ , ' 
by column chromatography. 
'. , "! third experiment involved the addition of a solution ot 
2-acetamidobenzophenone l£§ in tetrahydrofuran to a refluxing 
solution of the Grignardreagent in ether. Work-up gave an oil 
which on trituration with methanol gave 2-acetamido-4'-methoxy-
triphenylcarbinol ~ in good yield. Both 2-acetamidotriphenyl-
carbinol lli and 2-acetam1do-4'-methoxytriphenylcarbinol ill were 
reduced in high yields by treatment with formic acid and were. " 
hYdrol~~ed to the amines 12! and 11Q by a refl~xing mixture of -
<: -. -~ 
concentrated hydrochloric acid and methanol (Scheme 97)., 
SCHEME 97 
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" ,l2§. ~,' ,X =.OCH3," '.1.22. X == OCH3", ill 
, X == H, ill X == H, .1§i 
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The preparation of the methyl ester of 2-amino-4'-
carboxytriphenylmethane 11l proved difficult and the synthesis 
remains incomplete. Two synthetic routes were tried (Schemes 98,99). 
SCHEME 98 
o 
ill 
SCHEME 99 
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The first scheme makes use of the resistance of the 
2-oxazoline ring system to attack by Grignard reagents. The 
synthesis of the carbinol 111 was achieved but treatment with formic 
acid gave a large number of products and the examination of the crude 
mixture by n.m.r. spectroscopy revealed the absence of a methine 
proton and.,hence of triphenylmethane. 
The second route appeared more promising. A good yield of 
carbinol ill was 'obtained and this underwe~t reduction and'hydrolysis 
to give 2~amino-4'-methyltriphenylmethane 111. Oxidation with neutral 
potassium permanganate gave the 4'-carboxy derivative;-.ll2 in good 
yield though a high yield of starting material was recovered. This 
synthesis is being continued but is not,yet complete. 
The synthesis of the methyl ester of 2-amino-4'-carboxy-4"_ 
methoxytriphenylmethane was not attempted. 
The amines were converted to the azides by diazotisation 
in solutiont in a mixture of 4N sulphuric acid" and dioxan and 
subsequent reaction of the diazonium salt with sodium azide •. 
DECOMPOSITION OF THE AZIDES 
Each azide was decoml>osed under nitrogen in 1,.2 .. 4-
trichlorobenzene solution at.180 - 200°. 
The assignment of structures to the decomposition products 
was based largely on the interpretatio~ of their n.m.r. spectra and 
these are extensively discussed throughout this section. The mass 
spectra are discussed collectively at the end of the section. 
The decomposition of 2-azidotriphenylmethane ~ gave a 
mixture which was shown, on examination by gas chromatography, to 
comprise two major and two minor products. Partial separation was 
achieved by column chromatogr~phy in,benzene when two fractions were 
obtained.·, Evaporation' of the first fraction gave an' oil' which,- when 
• ". > ~ • ,,', r • 
triturated with petroleum, precipitated a compound identified from 
literature data195 as 9,10-dihydro-9-phenylacridine 11&. The second 
fraction was evaporated to yield a yellow solid identified as 
9-phenylacridine 111195. 
111. 
The residues from the crystallisations were chromatographed 
on alumina in petroleum to give, in the first fraction, 11-phenyl-
10H-azepino[1,2-a]indole~. The structure of this compound was 
assigned on the basis of its n.m.r. spectrum (Figure 15). The 
two-proton doublet at 6 3.5 and three-proton multiplet at 6 5.6 -
6.3 p.p.m. (H-7,8 and 9) were both indicative of the 10H-azepino-
indole system and the absence of a sharp singlet at 6 6.0 revealed 
the presence of a substituent at 0-11. 
The residue from the column was separated by. preparative 
layer chromatography. Two previously unidentified compounds were 
isolated from bands on the plates. One was identified as 2-amino-
triphenylmethane . .12!. The other product had peaks in its mass 
spectrum at 514, 512, 257 and 256 mass numbers and was identified as 
2,2'-bis(diphenylmethyl)azobenzene 112. 
94. 
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'!zo-compounds have frequently been reported in the 
decomposition of azides and their formation has been explained in 
terms of attack by the niirene on the.azide, dimerisation of the 
nitrene being unlikely in dilute solution15 ,42• 
I 
0 6 
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The decomposition of 2-azido-4 t -methoxytriphenylmethane 1&Q 
gave a product which, on examination by gas chromatography, appeared 
to co~tain five components. Separation of the decomposition products 
was achieved by column chromatography on alumina. Pure samples of 
fiYe products were isolated and characterised but another two 
products could ,not be isolated in a pure,~tate. 
. Most of the material chroma~ographed on the column was 
recovered·and this enabled the yield of each product:to be calculated 
".< 
from a combination of the direct weighing of pure materials and the 
estimation, by n.m.r. spectroscopy, of the proportions of components 
of mixtures. 
The isolated products and yields are recorded below in 
order of elution from the column. 
.l§.Q , 
17% yield 
H 
ill 
12<';6 yield 
OCH, 
ill 
34% yield 
ill 
14% yield 
OCH 
3 
NH
2
· 
11Q. 
7% yield 
OCH 
. ! 
ill 
100;b yield 
.1§.4 
6% yield 
OCH, 
The structure of 11-(4-methoxyphenyl)-1 OH-azepino[ 1,,2-a]-
-indole 180 was determined on the basis of i~s n.m.r. spectrum 
-. " "' (Figure 16). This spectrum, which is similar to that of the 
11-phenyl analogue ill (Figure 15), 'has a two-protond~ublet" J, -= 5Hz, 
,'- . ~..... }. ~ -
at·6~3.44 and a'three-proton multiplet (H-7,8~artd 9) at 6 5.5--
~ - : - ,'" : - > ~ -
,- ~ - '-
6.1 p.p.m. 
97. 
FIGURE 16 OCH, 
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The 'pyrido-indole 181 was obtained as an air-stable white 
. -" 
solid and identified from its n.m.r. spectrum (Figure 17)." 
The triplet at 6 O.59·was shown ori close examination to 
be a pair of doublets with coupling constants of 4.8 and 5.8Hz. The 
high up-fiel~ shift of this proton (H-11a in Figure 17) is due to the 
geometrical restraint of the three-membered ring forcing it into the 
strong diamagnetic shielding region of the TT -electron system'. 
, The signal at 6 1.83 corresponds to the proton H-11b._ 
Geminal coupling (4.8Hz), with H-11aan'd cis~o~;i:i~g(10.21Iz) with: 
• "",,_, ." ,',"r '." '"",,. __ '~"_'"~""'~."'_ • 
H;;"9.~ccountsfor.the observed splitting pattern. 
, ~ ," , - -, .. ,.,.c·_~· .~'''''" .. " 
These figures are in good agree~ent with those observed 
for the diazanorcaradienes ~ and"~196. 
.... 
-.. 
" 
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FIGURE 17 
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.1§.§. R = HA 
ill R = CH3 
J J -
. . 
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Chemical Shift 
HA ~ .. HC ' 
3.05 2.28 -O.O~ 
2.70 2.05 0.08 
-~"'-, 
: I, I, 
" 
• 1 0 
Coupling Constant 
JAB JAC ' J:aC 
8.92 4.75 3.85 
9.51 .. 5~18 4.19 
,In ~ddition to the expected cis and transcoupling with the 
protons H-11b and H-11a the signal at l> 2.7 (H-9) has a minor 
."', '-.. .~ -" ." " 
coupling of 2Hz which is due to long range coupling with proton_H-T. 
This long range coupling or "W"coupling between hydrogen atoms 197, .' 
separated by three carbon atoms" occurs whenthe,fiv. atoms are, 
'co-planar. Examination ot'a':breidin'g'model'ot 'this compound show~d 
the co-planarity ot the atoms involved. 
The signal at l> 5.65, due to the olefinic proton H-7, has 
the long range coupling to H-9 discussed above and is also coupled to 
l> 
99. 
proton H-6. The signal from H-6 is i~ the aromatio region and is not 
disoernible. 
The ohange from the aromatic~ to the tertiary aliphatic 
system has also resulted in an up-field shift (0.5 p.p.m.) of the 
signal due to the methyl group. 
The dihydroacridines 1§g and 1§2 whioh were eluted from the 
" 
oolumn together, were partially separated by fractional 
orystallisation. A pure sample of the dihydroacridine 1§g was 
isolated and oharaoterised. The n.m.r. spectrum of this oompound was 
very similar to that of 9,10-dihydro-9-phenylacridine 112. The 
signals due to the methyl and methine (H-9) protons appeared as sharp 
singlets at 6 3.73 and 6 5.24 respectively and the amine proton 
signal as a broadened singlet at 6 6.1 p.p.m. 
The signal in the aromatio region (6 6.6 - ,7.2 p.p.m.)" 
integrated, as expeoted for twelve protons and showed the splitting 
pattern of a para-substituted benzene derivative' in the fine struoture. 
Further evidenoe in support of this struoture was obtained' 
, m from the mass speotrum whioh gave as the base peak an ion at /e 180 •• 
This oorresponds to the loss of 101 mass units i.e. CH30C6H4" from 
the moleoular ion. 
Continued elution of the oolumn gave, in quiok suooession, 
2-amino-4'-methoxytriphenylmethane 11Q whioh was identified by 
oomparison with an authentio speoimen and a mixture of the aoridines 
ill and ill. 
Complete separation of these isomers proved impossible'but 
a pure s~pleof 9-(4-methoxyphenyl)aoridine ill identified from 
literature data198 was obtained by fraotional orystallisation of the 
mixture of isomers. 
The assignment of the struotures ~ and ~ to the 
unoharaoterised produots must be examined in view of the disoussions 
over the mechanism of the reaotion. 
The meohanism postulated'by Krbeohek and Takimoto51 and 
used by Jo~~'s (atld oo_workers52 ,,53 , prediots the formation of the 
dihydroaoridines j]l and ~ (Soheme 100). 
100. 
SCHEME 100 
. i 
1B4' 
'"The spirodienyl mechanism used by Cadogan and co-workers 
predicts the formation of thedihydroacridines 1§g and 1§S (Scheme 101). 
SCHEME 101 
> 
N: . 
. . 
- ill \ 
> OCH~ 
101. 
The n.m.r. spectra of compounds 1Qg and ~ differ only in 
the fine structure of the aromatic proton absorption.. The splitting 
pattern of a para-substituted benzene ring is visible in the spectrum 
of 182, while in the n.m.r. spectrum of a mixture of 1Qg and~, a 
large singlet due to the absorption of a phenyl group is evident • 
.. Evidence for the 3-methoxy structure was obtained from data 
on the decomposition of 2-azido-4·,4"-dimethoxytriphenYlmethane~199. 
This compound undergoes thermal decomposition to give, amongst other 
products,: a compound identified as 3-methoXY-9~(4-methoxyphenyi)_ 
acridine 1lli!. 
OCH!» 
5 OCH , '3 
The use of a chemical shift reagent on this compound 
results in a down-field shift of the signals due to the protons H-4 
, -
and H-5 'and' shows them to be doublets vi th coupling constants of 2 
• • 'c~ 
and 8Hz respectively. The meta-coupling observed in the signal due 
to H-4 confirms the presence of a substituent at C-3. 
102. 
MECHANISM 
The formation of the 10H-azepino[1,2-a]indoles, according 
to either .. of the proposed mechanisms51 ,.53,184, requires the shift of 
a hydrogen atom from C-11 to C-10. A suprafacial [1,.3] hydrogen 
shift is forbidden according to the principles of the conservation 
of orbital symmetry200 and so other factors must be operating. 
The formation of the 6H and 8H isomers ~ and 12Q53could be 
explained in terms of the symmetry-allowed suprafacial [1,5] hydrogen 
shift, as shown in Scheme 102; the formation of the 10H isomer ill 
could then result from a [1,5] hydrogen shift from the 6H-isomer. 
SCHEME 102 
R 
H 
R 
, ill 
To test the validity of this hypothesis it was decided to 
synthesise and decompose c::( -( 2-azidophenyl)-~ ,o!'-dideuterio tol,!lene 
~. The decomposition of this compound should result, if the above 
argument is correct, in a distribution of deuterium around the seven-
membered ring. 
o 0 
N~ 
Preparation and Decomposition of o{-( 2-azidophen:yl)-o(! .cl"-
dideuteriotoluene 
, The synthesis of d-{2-amino~henyl)-Cl(! ~o!'-dideuteriotoluene 
was achieved in high yield (93%) by the reduction of 2-aminobenzo-
phenone by lithium aluminium deuteride and aluminium chloride in a 
manner analogous to that of the hydride reduction201-203. 
The azide 12£ was prepared from the amine by diazotisation 
and reaction of the diazonium ~alt with sodium azide. 
The decomposition ot azide l2l in trichlorobenzene at 187 0 
gave a black solid which recrystallised from petroleum to'give the 
, 
dideuterio d~rivative,of=)OH-azepino[1,2-a]indole. 
,The 220·MHz n.m.r. spectrum of this compound revealed the 
;. 1 
absence of the H-11 proton which, in the non~deuterated compound, 
gives ,'~ise to a sharp singlet at b 6.20 and. the presence of a one-
. , . ", 
proton m~ltipletat b 3.37 p.p.m.,: the C-10 methylene group in 
.,' , .-
10H-azepino[1,2-a]indole 11 gives a two-proton ~roadened doublet 
53 ~ 
at b 3.55 p.p.m. • 
The remaining signals integrated correctly for 
10, 11-dideuterio-1 OH-azepino[ 1 ,.2-a] indole ill." 
~ .. 
o 
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It thus appears that a regiospecific hydrogen atom transfer 
is occurring in these systems.' Whether the transfer is concerted or 
non-concerted with ring expansion or whether intermolecular hydrogen 
shifts are occurring is not known. The latter process seems unlikely 
at the dilutions used in the decomposition • 
.. The transition from a disubsti tuted methane to a 
trisubstituted methane resulted, in both the cases studied, in a 
large increase in the yield of acridan/acridine products (a trace of 
acridine'was noted in the decomposition described above). 
The simplest explanation of this is to assume that singlet-
triplet trans i tions' had' occurred" and . that" the L triplet ni trene, in ~ the 
absence of a proton-donor solvent,underwent intramolecular hydrogen 
abstraction followed by radical coupling to give the acridan 
produets. The acridine products can be explained in terms of nitrene 
attack on an acridan or by atmospheric oxidation of the aoridan. 
A second mechanism considers the stereochemistry of the 
reactive intermediate (Scheme 103). 
SCHEME 103 
> 
" , 3 
•• , , 
, , ill ill, 122 
The insertion of the aryl nitrene lli into the 7r~system of 
the adjacent benzene ring A results in the formation of tW9j stereo-
isomers ill and 122 in equal proportions I 
Isomer ill has HC and,ring :S'inplanes parallel and 
perpendicular to the plane co~taining ring A. 
Isomer 122 has He and r:ng:e in planes perpendicular and 
parallel to the plane containing ring A. 
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In the ring expansion to an azepinoindole derivative there 
is a transfer of the. methine. hydrogen Hc to c-6 of ring .A •.. In 
isomer 122 this transfer will be facilitated because HC is in the 
same plane as the p-orbital of c-G. Thus the fission of the bond 
betweenC-1 and C-2 (ring A) results in an electron deficiency at C-1 
which is ~illed by an electron flow from the C-Hc bond and the 
transfer of the hydrogen atom HC to c-6. 
In isomer 122 the benzene ring B is in the same plane as the 
p-orbitalJhydrogen transfer cannot occur and ring opening to an 
acridan is observed. 
This mechanism could account for the equality in yields 
observed for the acridan/acridine and azepinoindole products obtained 
from the decomposition of 2-azidotriphenylmethane and for the 
regiospecific deuterium,transfer observed in the decomposition of 
the azide ill. 
The decomposition of ,1-(2-azidophenyl)-1-phenylethane lli 
would give, according to the above mechanism, equal yields of 
11-methyl-10H-azepino[1~-a]indole 121 and 9,10-dihydro-9-methyl_ 
acridine 121 (Scheme 104). 
SCHEME 104 
H CH, 
> + 
Jones and Cliff53 examined the decomposition of this 
compound and obtained the azepinoindole 121 in 38% yield from ~he 
crude product by column chromatography. No other products were 
isolated from the mixture, probably because, at the time ,the 
experiment was performed" the main interest lay in confirming the 
structure.~f :1()H-a~epino[1t2-a]indole. The acridan and acridine 
products would have a much longer retention time on the column 
than the' azepi~~i;;dole 'ill, particularly vi th·· petroleum as the 
elua.tlt~~d would ~ot be observed •. 
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The product distribution obtained from the decomposition 
of 2-azido-4'-methoxytriphenylmethane 12Q tends to agree with the 
theoretical distribution of products discussed above. 
The reaction pathway favoured the anisyl ring to an extent 
of approximately 65% and the ratio of ring-inserted to acridan 
products w.as again approximately 50:50. 
, The mechanism of the formation of the pyrido-indole 1§l 
derivative is unknown. 
The features which are known about the formation of the 
pyrido-indole 1§l are as follows: 
The formation must be due to the presence of both the phenyl 
group and the methoxyl group since the absence of either results in 
'normal', azepinoindole, products being obtained. 
Although the methoxyazepino[1,2-a]indole ~ was not detected 
amongst the decomposition produc,ts, the pyrido-indolecannot be an 
abnormally stabilised intermediate in its formation because: 
(a) Jones and MCKinley199 ha~e observed the presence of both 
the azepinoindole 122 and the pyrido-indole £QQ in the decompositiom 
of 2-azido-4,4~1':'dimethoxytriphenylmethane .1!ll. 
OCH, 
OCH 
s 
and (b) the pyrido-indole ill on prolonged heating at 195 0 in 
trichlorobenzene does not give the azepinoindole but a complex 
mixture of products •• Some of these products had g.l.c. retention 
times which were similar to those observed for the acridan and 
acridine products obtained from the decomposition of the azide 122. 
The decomposition of the dimethoxy pyridoindolelQQ also 
gave a mixture of products, one of which_was isolated-and 
- 199 
characterised as the azepino[1,2-a]indol-8-one g.Q.1 • 
OCH3 
o 
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MASS SPECTRA 
In the mass spectrum of 11-phenyl-10H-azepinoindole ~ 
the loss of one mass unit from the molecular iomand base peak at 
m/e 257 gives an ion corresponding to the aromatic azepino-
indolium ~ystem. Other significant peaks in the spectrum are at 
m/e 180 which represents the loss of a phenyl group and at m/e 128.5 
which ia due to the doubly charged 11-phenyl-10H-azepinoindole 
system. 
The mass spectrum of the 11-(4-methoxyphenyl)-10H-
azepinoindole 1§Q is dominated by the breakdown pattern of the 
anisyl group. The major fragmentation; is loss of CH, to give an 
ion at m/e 272. The peak at m/e 242 could then be produced by loss 
of CO and H. Other minor peaks occur at m/e 180, which represents 
the loss of the anisyl group and at m/e 14'.5 which is due to the 
doubly charged 11-anisyl-10H-azepinoindole system. 
The principle features of the mass spectrum of the 
pyridoindole ~, excluding the molecular ion and base peak at 
m/e 287, are peaks at m/e 214" 256 and 242. The first two peaks are 
due to the loss.of CH, and CH,O respectively from the molecular. 
ion. The third peak corresponds to the loss of 14 mass units (CH2) 
. from the peak at m/e 256 and could be dae to the cleavage of the 
cyclopropane ring methylene group. 
FURTHER WORK ON THE AZIDE DECOMPOSITION PRODUCTS 
« i, __ 
Reduction of 11-phenyl-1 OH-azepino[ 1 ,,2-a] indole 
,.The catalytic reduction of the azepinoindole ~ gave a 
high yield of a compound ide~tified as 6,,7,,8,,9-tetrahydro-11-phenyl-
10H-azepino[1,2-a]indole lQg from its n.m.r. spectrum (Figure 18). 
This speotrum is very similar to that of the corresponding 11-methyl 
derivative52 ,53. 
( 
-, 
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FIGURE 18 
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Bydrolysis of thepyridoindole 181 
" " 
The pyridoindole ill dissolved readily in concentrated 
hydrochloric acid with.hydrolysis'of the methyl ether. A high 
yield of the expecte~ product" 9~10-dihydro-11-phenylazepino[1~2-a)­
indol-8-one 203 was obtained.:.lts structure was confirmed by the 
examination of its n.m.r. spectrum (Figure 19). 
I 
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The mass spectrum of this compound shows, in addition to 
the molecular ion and base peak at m/e 273, two ~ajor peaks at 
m/e 245 and 244. These are due to the loss of CO' and CRO from the 
molecular-ion. 
.. 
1 
• 
6 
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CONCLUSION 
The experiments discussed in Part 11 clearly show the 
effect of annelation upon the nitrene insertion reaction. The 
normal reaction towards a benzene ring is insertion and subsequent 
ring exp~nsion and the formation of an azepinoindole as illustrated 
by the decomposition of the tetralin derivatives. In-the-annelated 
systems ring expansion either does not occur or occurs only to a 
very slight extent. 
Since the geometry of the naphthalene and tetralin systems 
1a;similar the different stabilisation pathway of the (2-nitreno-
phenyl)naphthalene derivatives must be due to the inability of these 
systems to overcome the energy barrier associated with the loss of 
aromaticity of the naphthalene molecule. 
Part III describes experiments to determine the nature of 
the nitrene insertion and hydrogen atom transfer in the formation of 
the azepinoindoles. A mechanism is postulated to explain the regio-
specificity of the hydrogen atom transfer and the formation of both 
acridan and azepinoindole products. 
A series of experiments to determine the reactivity of the 
nitrene towards phenyl groups bearing different substituents was 
planned but not completed. The available data indicates the tendency 
of the nitrene to favour the anisyl group in preference to the phenyl 
grOUP but no general conclusion about the correlation of nitrene 
reactivity and electron availability can be drawn from this evidence. 
Other work in this area of nitrene chemistry could be 
directed towards completing the series of experiments and widening 
its scope to include other electron donating groups in order to 
determine whether the formation of the pyridoindole derivative is 
primarily a function of the methoxyl group. 
EXPERIMENTAL 
112, 
EXPERIMENTAL 
PRELIMINARY NOTES 
Melting points were determined on a Kofler hot-stage 
apparatus and are uncorrected. 
Infra red absorption spectra were recorded on a Perkin 
Elmer 257 spectrophotometer. The spectra of solids were 
det~rmin~d in nujol mulls (mull) or in solution '(e~g. CC14). The 
spectra' of liquids were determined as liquid films (film) or in 
solution. 
Ultra violet and visible absorption spectra were recorded 
, ,Cl 
on a Unicam SP 800 instrument. 
Nuclear magDetic'resonance'(n.m.r.) spectra wer~ recorded 
on'a Perkin Elmer R10 60 MH~ instrument,'llitachi-Perkin Elmer R24 
60 MRz instrument and HR -,220 MRz inst~ent(p.C.M.U., Harwell). 
The 'chemical ~hifts are quoted as 'delta' (b) values in parts per 
million (p.p.m.) usingtetr~ethYlsiiane as an internal standard. 
The following abbrevi~tions are used: s = singlet; d - doublet; 
.~ .. . 
t'= triplet;q = quadruplet; m = multiplet; br = broadened; and 
'ex = exchanged. ' 
, 'rUcro-analyses were carried out on an F and M carbon/ 
hydrogen/nitrogen analyser and Perkin Elmer Elemental Analyser 240 
at the University of Keele. 
Mass spectra were recorded on a Hitachi-Perkin Elmer RMU-6 
instrument using a heated inlet. For the determination of the mass 
spectra of the components of mixtures the inlet system of this 
instrument 'was connected via a Biemann separator and an all glass 
line to a pye Series 104 gas chromatograph equipped with a 1.5 m x 
2 mm glass column. Helium was used as carrier gas. Mass spectra 
were-scanned as the leading edge of each peak appeared on the total 
,·:.C.h .. ,~~> __ ",_;. c, 
ion monitor recording from the maSB spectrometer. 
Gas liquid chromatography was performed on a Pye Series 
104 instrument equipped with a 1.5 m x 4 mm glass column packed with" 
a support material coated with 3% loading of stationary phase. The 
stationary phases were: OV101 (dimethyl silicone fluid) and OV17 
113. 
(phenyl methyl silicone fluid). Detection of the eluted components 
of a mixture was by a hydrogen flame ionisation detector. The chart 
speed was normally 1 cm/min. 
Thin layer chromatography was carried out on microscope 
slides (1.5 x 2.5 cm) coated with silica gel (Merck Kieselgel PF254). 
The compo~ents were visualised under ultra violet light or developed 
in iodine vapour. 
Preparative layer chromatography was carried out on glass 
plates (40 x 20 cm) coated with a 1.5 mm layer of silica gel (Merck 
Kieselgel PF254). The separated components, visualised under ultra 
violet light,. were isolated by scraping o!! the silica and extracting 
with methanol. The filtered methanol solu~ion was evaporated to leave 
a residue which contained silica. The residue was dissolved in 
chloroform, filtered and evaporated. 
Alumina for column chromatography was Woelm or Fluka neutral 
grade and was deactivated by the addition of water. The activity 
values quoted refer to the Brockmann scale. 
Where reactions were carried out under nitrogen the nitrogen 
used conformed to B~S. 4366, Industrial Nitrogen, Type 2, which 
permits a maximum oxygen content o! 10 p.p.m. by volume. 
The photolytiC work was performed using a Rayonet 
Preparative Reactor with 16 RUL-;OOO A lamps of maximum intensity 
at 300 nm. The solutions were contained in a quartz vessel (capacity 
650 ml) and kept at room temperature by means of a 'cold finger' 
apparatus. 
PAR T I 
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S.E C T ION 1 
PREPARATION OF 4- AND 5-AZIDOINDAN 
4- and 5-nitroindan 
A mixture consisting of '" 40% 4-ni troindan and IV 60% 
5-nitroindan was obtained from indan by the following procedure 
which is a modification of the reaction originally described by 
Lindner and Bruhin149• 
A solution of fuming nitric acid (50 g) 1n~sulphuric acid 
(150 g) was added dropwise to vigorously. stirred indan (100 g) 
maintained at _5°. When the addition was complete (5 h) the 
mixture was poured on to crushed ice. The red oily product was 
separated, washed with saturated aqueous sodium carbonate (3 x 100 ml) 
and,water (3 x 100 ml), dissolved in ether and dried (MgS0
4
). The 
solvent was removed and the oil eluted down a column of alumina 
(300 g, activity IV) in petroleum (b.p. 60-80°). From the eluate 
was obtained 45 g of the._mixed 4- and 5-nitroindans. 
-4- and 5-aminoindan 
A'solution of the mixed nitroindans (16.3 g) in methanol 
-(150 ml) containing 10% palladium-on-charcoal (1.O'g) in'suspension 
was hydrogenated at atmospheric temperature and pressure until 
absorption had ceased (3 molar-equivalents H2). The- filtered 
° solution was warmed to 60 and treated with fumaric acid (6.1 g) 
as described by Rhomberg and Berger150• When the acid had dissolved 
° the solution was cooled to 0 and kept at this temperature for four 
hours to facilitate crystallisation of the 5-aminoindan fumarate. 
'The salt was filtered off and washed with cold methanol until it was 
colourless. 
The filtrate" and washing~. were evaporated to dryness and 
the residue stirred with ether (50 ml) and petroleum (b.p. 60_80°) 
(50 ml). The mixture was kept at 0° for one hour and then filtered. 
The residue was washed with ether/petroleum (100 ml 111) and then 
115. 
discarded. The combined ether/petroleum solutions were evaporated 
to small volume and cooled. The mixture was filtered, the residue 
washed with ether/petroleum (100 ml 1:1) and discarded. The 
combined washings and filtrate were evaporated to dryness to give 
4-~inoindan (4.5 g, 33%). 
4-aminoindan 
'D 650, ,g.p. 0.1 mm Hg 
N.m.r. (CC14) 
6 1.7 - 2.25 p.p.m. 
2.35~-_3.0 
3.55 ~ br 
, 6.23 
6.52 
,,6.84 
(film) 
m 2H H on C-2 
m 4H H on C-1 and 3 
s 2H -NH2 (ex. with D20) 
d 1H H on C-5 J 5,6. 7.5Hz 
d 1H H on C-7 J 6,7. 7.5Hz 
t 1H H on c-6· 
O 62 1620 cm-1 vmax 345, 33 , 
U.v. (95% ethanol) 
A max 237 mD" log10 e: 3.83 
283 . 3.19 
Mass spectrum 
m/e 134 (23%), 133 (M+)(10Q%), 132 (84%), 131 (12%), 130 (14%), 
120 (7%), 119 (5%), 118 (9%), 117 (23%), 116 (1~fo), 
115 (21%), 106 (7%), 105 (6%), 104 (596), 103 (7%), 91 (6%), 
79 (696) 
The., fumarate salt was shaken with a mixture of saturated 
aqueous sodium carbonate (75 ml) and chloroform (30 ml) for one 
hour. The.chloroform was separated and the aqueous layer washed 
with chloroform (2 x 30 ml). The combined chloroform solutions 
were dried (Na2s04) and evaporated to give 5-aminoindan (5.3 g, 40%) • 
. !. 
5-aminoindan 
M.p. 34 0 (petroleum b.p. 60-80°) 
Lit.150 33 _ 34 0 , ' 
N.m.r. _ (CC14) 
6 1.8 - 2.2 p.p.m. 
2.13 
3.25 
6.28 
I.r. (film) , 
vma~ '3420, 3345, 
V.v. ,(95% ethanol) 
" 236.5 nm 
, max 
293 
Mass spectrum 
m 2H :]IL on ' C-2 
br t 4H H on C-1 and 3 
s 2H -NH2 (ex. with D20) 
d of d 1H H on c-6 
J 6, T .. 8Hz, J4,6" 2Hz 
br s 1H H on C-4' 
d 1H H on C-7~: 
"J6,7" 8Hz 
116. 
m/e 134 (13%),133 (M+)(89%), 132 (100%), 131 (15%), 130 (19%), 
11t (22%), 115 (19%), 106 (9%), 105 (8%), 104 (6%), 
103 (8%), 102 (6%), 92 (6%), 77 (16%) 
4-bromoindan " , ; 
A solution of 2-bromotoluene (243 g) in carbon tetra-
chloride (1 1) was refluxed for five hours with N-bromosuccinimide 
(252 g) to give 2-bromobenzyl",bromide (292 g 82%). This was added 
dropwise over two hours to a refluxing solution or diethyl 
,malonate (264 g) and sodium (34.5 g) in dry ethanol (750 ml).- The 
solution was rerluxed for a further five hours and then ethanol 
(600 ml) was distilled out and water (1 1) added. The 
2-bromobenzyl malonic ester was separated and dissolved in a 
rerluxing solution of potassium hydroxide (300 g) in water (1 1)., 
Addition of hydrobromic acid (500 ml) to the cooled solution 
precipitated the 2-bromobenzyl malonic acid which was filtered orf 
117. 
o . 
and heated to 170 to effect decarboxylation ,to give 
2-bromobenzyl acetic acid (194 g, 73%).· 
. ' Treatment of the acid with thionyl chloride (165 g) 
followed by aluminium chloride (248 g) in carbon disulphide (250 ml) 
gave after hydrolysis and removal of the solvent 
4-bromoindan-1-one. Clemmensen reduction using ethanol as 
co-solvent gave 4-bromoindan (63 g, 38%) •. 
4-bromoindan 
B.p. 109°, 13 mm Hg 
Lit.151 90°, 0.1 mm Hg 
N.m.r. (CC14) 
6 1.9 - 2.4p.p.m. 
2.7 - 3.2 ' 
6.7: - 7.4 
I.r. ' ., (tilm) 
Br 
m 2H H on C-2 
m 4H H on C-1 and 3 
m 3R arom.' 
Vmax 3055, 1597, 
-1 . 1566 cm' 
U.v. (95% ethanol) 
A 219 run sh 
. max 
228 eh 
251 
Mass spectrum 
m/a 198 (M++ 2) (30%), 197 (6%)~ 196 (M+) (35%), 195 (3%), 
118 (25%),' 117 (100%)~ 116 (40%),115(96%), 114 (7%)" 
91 (14%), 89 (12%),. 
4-azidoindan ~ 
Method A:' I 'A solution of 4';'aminoindan' (5.85 g,' 0.05 M) .. 
in a mixture of 4N sulphuric acid (250 ml) and purified 
1,4-dioxan (250 ml) was cooled to -5 ° and a solution of sodium ". 
ni'trite (3.8 g, 0.055 M) in water (50 ml) was added with stirring. 
Atter 15 minutes a s'oluti~n ot sodium azide (3.6 g, 0.055 M) in' 
water (50 ml) was added and the sOluti'on was warmed gently to 30°. 
'~ ~ ,- ' ~.~ .::..-- -.;, 
''l,,'-' '~"' .. 
118. 
The azide was extraoted with ether (3 x 200 ml) and the combined 
ethereal,extracts dried (MgS04). The solvent was removed under 
° ' reduced pressure at 30 and the residual oil was percolated 
through a column of alumina (200 g, activity IV, column length 0.2m) 
in petroleum (b.p. 40-60°). Evaporation of the solvent, under 
° reduced pressure at 30 , left the azide as a pale yellow oil 
(4.8 g, 60%). 
4-azidoindan .2.Q 
Analysis 
Founds' 
C9H9N3 requires. 
N.m.r. (CDC13) 
6 1.8 - 2.4 p.p.m. 
2.6 - 3.1 ' 
6.7 - 7.2 
I.r. (film) 
-1 
C, 67.5. H, 6.1% 
C, 67.9. H, 5.7% 
m 2H H on C-2 
m ~4H H on C-1 and 3 
m 3H arom 
vmax 2105, 1295 cm 
U.v. (95% ethanol) 
A 252.5 nm 10g10 £ 4.0 .' . max 
278.5 3.47 
288 3.38 
Mass spectrum 
m/e 159 (M+) (20')6), 132 (15%), 131 (1~0%)" 130 (20%), 102 (20%) 
Method B. The Grignard reagent from 4-bromoindan (29.3 g) 
and magnesium (7.41 g) in dry ether (200 m1) was added at _5° to a 
stirred solution of p-toluenesulphony1azide (32.3 g) in dry ether 
(500 m1). The precipitated triazene salt was ti1tered oft, washed 
with ether and vacuum-dried. A saturated aqueous solution of 
sodium pyrophosphate (500 ml) was added dropwise to a cold (_5°), 
stirred, suspension or the dried triazene salt in dry ether. The 
mixture was stirred (24 h), the ether layer removed,and the aqueous 
layer extracted with ether (2 x 200 m1). The combined ethereal 
119. 
ext raots were dried (MgSO 4) and evaporated at 30 0 un4.er) reduced 
pressure. Purification as in Method A gave 4-azidoindan ~ 
(6.5 g, 27%) identical with that prepared as in A. 
5-azidoindan 21 
Prepared by Method A,~as~above, from 5-aminoindan in 2~ 
yield, 5-azidoindan 21 was a yellow oil. 
N.m.r. (CC14) : 
6 1.8 - 2.2 p.p.m. 
2.5 - 2.9 
6.8 - 7.2 
I.r. (film) 
Vmax , 2105~ ,,1298 cm-1 
U.v. (95% ethanol) 
Amax' ,250 run 
280 
290 
Mass spectrum, 
m 2H B on C-2 
m 4B B on C-1 and 
m 3B arom 
m/e 159 (M+) (10%), 132 (20')6), 131 (100%),130 (10%), 102. (15%L 
.. 
" <' 
120. 
PREPARATION OF 4-AZIDOBENZOCYCLOBUTENE 
Benzocyc10butene 
Benzocyc10butene was prepared by the following methodsl 
i. The yapour phase pyrolysis of 1,~-dihydroisothianaphthen-2,2_ 
dioxide as described by 01iver and Ong1ey152. 
ii. The reduction of 1,2-dibromobenzocyc10butene with tri(n-buty1)tin 
hydride as described by Sanders and Giering15~. 
4-bromobenzocyc10butene 
" ' A solution of benzocyc10butene (8.6 g) and iodine (0.2 g) 
in acetic acid (100 m1) was cooled to 0° and a solution of bromine 
(14.6 g) in acetic acid (10 m1) added dropwise. The mixture was 
1eft;for 48 hours' and then water (1 1) was added. The oily product 
was extracted with petroleum (b.p. 40-60° f~4 x 100 m1h .. the extracts 
were.washed with saturated aqueous sodium su1phite.(2 x 50 m1), 
saturated' aqueous sodium carbonate (2 x 50 m1) and water (2~,x 50 m1) 
and then dried' (MgSO 4). 
Evaporation of the solvent gave a yellow oil which was 
. shown by thin layer chromatography to comprise two components. 
Chromatography on a1umina (260 g, activity IV) in petroleum 
(b.p. 40-60°) gave in the first fraction 4-bromobenzocyclobutene 
- (11.2 g, 74%) 
4-bromobenzocyc1obutene 
, ° 110 - 120 , 
b ~.08 p.p.m. 
6.6 '- 7.4 
I.r. 
" , 
Ymax 
(film) 
-1 151.0 cm 
U.v. (95% ethanol) 
'" max 273 nm 
20 mm Hg 
Br i." '. ' 
'©JI 16 mm Hg 
B 4H H on C-1 and 2 
m ~H arom 
121. 
Mass spectrum 
m/e 185 (2~), 184 (M++ 2) (84%), 183 (24%), 182 (M+) (84%)~ 
104 (51%), 103 (100%), 102 (27%), 77 (54%) 
4-nitrobenzocyclobutene 
Benzocyclobutene (25.8 g) was added dropwise to a stirred 
mixture ot tuming nitric acid (103 ml) and acetic acid (52 ml) 
maintained at 10°. When the addition was complete the solution was 
allowed to warm to room temperature and then diluted with water 
(1 1). The organic material was extracted with ether (3 x 200 ml), 
the ethereal extracts were washed with water (2 x 100 ml), 
1N-sodium hydroxide solution (100 ml) and water (2 x 100 ml) and 
dried.(MgSo4). Oolumn chromatography on,alumina (200 g, activity IV) 
in petroleum (b.p. 40-600 )/dichloromethane (411) gave a mixture 
", . 
trom which 4-nitrobenzocyclobutene was obtained by distillation~ 
(10 g~ 2696). 
- 4-ni trobenzocyclobutene 
o 
70 - 85 , 
, Lit.155 60 '- 85°, 
N.m.r. (0014) 
0.1 mm Hg 
0.05 mm Hg 
t> 3.22~.p.p.m. 
7.08, 
s 4H H on 0-1 and 2 
d 1H H on 0-6-
:} 'I ,-> 
7.7(2 s 1H H on 0';'3 
7.96 d ot d 1 H H on 0-5 
J 5,6 - 8Hz, 
I.r. (film) 
v
max 1515, 1345 cm-
1 
'" 
U.v. (9596 ethanol) 
Amax 221 run log10 E 3.92 
275 3.82 
J5,~6 - 8Hz 
122. 
Mass spectrum 
m/e 150 (10%), 149 (M+) (100%), 103 (4~~), 102 (20%), 91 (32%), 
78 (8%), 77 (76%), 76 (10%), 75 (10%), 74 (10%) 
4-aminobenzocyo10butene 
A solution of the nitro- compound (9 g) in methanol (250 m1) 
containing 10% pa11adium-on-charcoal (1 g) in suspension was 
hydrogenated at atmospheric temperature and pressure until 
absorption ceased. Evaporation of the filtered solution gave 
4-aminobenzocyc10butene (6.9 g, 98%) as a brown oil. 
4-aminobenzooyclobutene 
HN 
B.p. 
, 0 
85 - 90. 0.15 mm Hg 2'QrJ 
H.m.r. (CC14) 
l> 3.1 p.p.m. 
3.32 
6.2 - 6.8 
I.r. (film) 
vmax 3420, 3340, 
.' U'.v. (95% ethanol) 
A max 236 run 
29' 
Mass spectrUm 
s ~4H H on C-1 and 2 
s 2H -NH2 (ex. with D29) 
m 3H arom 
3200, 1605, 159~cm-1 
m/a 120 (9%), 119 (M+) (10~fo), 118 (51%), 11T (13%), 104: (7%). 
93 (8%). 92 (8%), 91 (35%), 65 (10%). 59(10%) 
123. 
4-azidobenzocyc10butene ~ 
Method A I Prepared as described tor 4-azidoindan ~ in 
74% %ield, the azide 2l was a yellow oil • 
.. 
N.m.r. (CC14) 
6 3.1' p.p.m. 
6.6 - 7-.0 
I.r. (ti1m) 
vmax 2109, 
-1 1292 cm 
s 4H H on C-1 
m 3H arom 
U.v. (95% ethanol) 
A max 251.5 nm 
282.5 
Mass spectrum 
m/e 145 (M+) (18%), 120 (26%), 119 (100%); ~18 (89<',.6), 117 (44%), 
116 (27%), 104 (13%), 103 (15%), 93 (13%), 92 (21%), 91 (49%), 
90 (37%), 89 (37%), 77 (27ffo) , 65 '(27%), 51 (29%) 
, .- > ~ ". ;, " 
Method B I Prepared trom 4-bromobenzocyc10butene via the 
Grignard reagent and tosy1 azide in 11% yield, the 
4j' .. .- " 
4-azidobenzocyc10butene .2£ was identical with' the material' dei-ived 
trom the amine. .' 
. , 
~ 
. , 
124. 
PREPARATION OF 2-AZIDOBIPHENYLENE 
Biphenylene 
Biphenylene was prepared by the thermal decomposition of 
benzenediazonium-2-carboxylate in boiling 1,2-dichloroethane 
accordin~ to the method of Logullo, Seitz and Friedman156• Eight 
decompositions yielded 23 g (13%) of dried biphenylene. 
2-bromobiphenylene 
A solution of bromine (5.5 ml) in carbon tetrachloride 
(25 ml) was added dropwise to a stirred solution of biphenylene 
(10 g) in carbon tetrachloride (100 ml) and pyridine (0.1 ml). 
After refluxing for 0.5 hours the solution was cooled, washed with 
saturated aqueous sodium bicarbonate (2 x 50 ~l) and water (2 x 50 ml), 
dried (MgS04) and distilled. The·fraction boiling between o ' 157 120 - 150 ,2 mm Hg gaTe 2-bromobiphenylene" .,(7.6 g,-50%). 
Br 
M.p. 64 _ 65 0 (petroleum b.p. 40 _ 600 ) 
Lit~157 64 _ 65° 
Analysis 
Found. C, 61.9, H, 3.2<',.6 
, ' 
,C12H7,Br requires • C, 62.3, 
H, 3.0% 
. , 
H.m.r. (CC14) 
6 6.3 - 7.0 p.p.m. m 
I.r. (mull) 
vmax 3065, 3040, 1570 
-1 cm 
U.v. (95% ethanol) 
Amax 245.5 nm log10 £ 4.75 
.. 253 4.85 
326 sh 
345 3.7,1 
359 3.69 
125. 
Mass spectrum 
. m/e233 (16%), 232 (M+.., 2) (1000;6), 231 (16%), 230 (M+) (1000;6), 
152 (1~fo), 151 (68%), 150 (43%) 
2-azidobiphenylene ~ 
!he Grignard reagent from 2-bromobiphenylene (7 g) and. 
magnesium (0.88 g) in dry tetrahydrofuran (200 ml) was filtered and 
added dropwise to a stirred solution of tosyl azide (13 g) in dry- . 
ether (250 ml) maintained at 0°. When the addition.was complete, 
petroleum (b.p. 40-60c , 250 ml) was added and the mixture stirred 
(0.5 h) until precipitation was complete. !he triazene salt was 
filtered off, washed with dry ether, and vacuum-dried. 
Decomposition of the triazene with aqueous sodium pyrophosphate as 
described for the preparation of 4-azidoindan (Method :s) gave" 
after percolation through alumina,·2-azidobiphenylene ~ (2.6 g~ 
44%). 
M.p •. ° 80 - 81 ~ 
Analysis ~ 
Founds 
C12H7N3 requiresl 
N.m.r •.. , (CC14) 
6 6.2 - 6.8 p.p.m. 
I.r. .(CC14) 
° (petroleum b.p. 60 - 80 ) 
C, 74.5; H, 4.05; N, 21.4% 
C, 74.6; H, 3.65; N, 21.75% 
m 
-1 
v 2100, 1288 cm 
. max 
U.v •. (95% ethanol) 
Amax . 239 nm . log10 £ 4.34 . 
261.5 4.66 
353 3.S8 
·363 3.88 
Mass spectrum 
N 
3 
m/e 193 (M+) (3()1}6), 167 (14%), 166 (18%), 165 (100%), 164 (84%), 
139 (21%), 131. (12%) 
, 
126. 
SEC T ION 2 
DECOMPOSITION OF THE AZIDES 
Standard Procedure I A solution ,or the azide in dried (NaOH), 
distilled diethylamine (concentration range 2.5 - 7 g/600 ml), 
contained in a quartz vessel, was irradiated in a Rayonet Preparative 
Photochemical Reactor using 16 RUL - 3000A lamps or maximum 
intenSity at 300 nm. Evaporation or the solvent gave an oil or tar 
Wh!ch"was examined by linked gas chromatography-mass spectrometry 
ror azepine products. The products were isolated as described ror 
the individual azides. 
DECOMPOSITION OF 4-AZIDOINDAN ~ 
Irrad~tion or the azide ~ (6.5 g) (40 h) gave, arter 
-
removal or the solvent, a black tar wh~ch was dissolved in benzene 
and chromatographed on alumina (300 g, activity IV) in the same 
solvent. 
Seven rractions (100 ml) were obtained. 
c 
, " 
Fraction<1'(0.1 g) was not identiried. 
Fraction'2 (1:0 g) was chro~atographed on rive preparative layer' 
plates using benzene/acetone (4 a 1) as the solvent. Two major bands 
were observed. The one or lower Rr was removed and extracted to 
Y1eld'20 mg or cyclope~tazepine ~ (see below). The one or higher 
n, gave cyclopentazepine ~ (110 mg) (see below). 
- Fraction 3 (1.4 g) was chromatographed on seven plates in benzene/ 
acetone (4 a 1). Four major bands were observed, three or. which were 
identified. In order of increasing n, value these werea 
127'. 
I (a). 1-diethylamino-5,6,7,8-tetrahydrocyclopent[c]azepine ~ 
Yield 170 mg 
~.p. 90°, 0.02 mm Hg 
Analysis' 
Found a 
C1~H20N2 ' requires. 
H.m.r. (CC14) 
6 1.11 p.p.m. 
1.6 - 2.2 
,', 2.2 - 2.7, 
~.2&; 
4.6 
6.41 
I.r. (film) 
-1 
vmax 16~8, 1581 cm 
V.T. (95% ethanol) 
~ 
H H 
t 6H - C~2:7:C~3 J • 7Hz, 
m 2H H on C-7 
m 6H H on C-5, 6 and 8 
q 4H - CH2 - CH3 J • 7Hz 
br q 1H H on C-4 
d 1H H on,O-3 J~,4 • 7Hz 
Mass spectrum,' " , . ,. 
m/e 205,(20}6)~ 204 (M~) (100%), 203 (200,-b), 202 (1'0%)~ 189 (69%),;' 
176 (20%),175 '(98%), 161 (25%),.160 (6%), 159 (6%), 147 (18%), 
',1~4 (12%), 1~~ (~896), 1~2 (41%), 1~1 (12%), 1~0 (16%" 
" 120 (24%), 105 (16%), 104 (8%), 102 (8%), "91 (16%), 79 (16%), 
78 (896), 77 (200fo), 72 (~5%) 
(b)' 2-diethylamino-~,6,7,8-tetrahydrocyclopent[b]azepine~' 
Yield " 200 mg 
° ~. p. ,. 110, 0.1 mm Hg 
Analysis 
Found. e, 77.1. H, 9.85, H, 1~.7% 
C1~H20N2 requires a e, 76.45. H, 9.85. H, 1~.7% 
128. 
N.m.r. (CDC13) 
6 1.1 p.p.m. t 6H - CH2 - CH, J • 7Hz 
1.6 - 2.1 m 2H .H on C-7: 
2.4 - 2.8 m 6H H on C-3, 6 and 8 
3.34 q 4H - CH2 - CH3 J a 7Hz 
4.ao br q 1H H on C-4 
6.15 d 1H H. on C-5 
Addition,ot Eu(tod)3 res~lved the signal at 6 2.4 - 2.8 p.p.m. 
into ~.>J,.. '" ., d ;2H H on C-3 J;3 .. 4 = 1Hz ... 
br t 2H H on C-6J6,7 Cl 7Hz 
br .. t 2H H on C-8 .. J7,8 - VI~ 
I.r. (tilm) 
v
max 
1602, 1555 cm-1 
U.v. ' (95% ethanol) 
A r max 219 nm 
278 
290 sh 
Mass ·spectrum 
m/e 205 (25%), 204 (M+) (100%), 203 (13%), 189 (66%), 176 (13%), 
175 (97%), 161 (25%), 1'0 (9%), 159 (25%), 147 (19%), 
134 (13%), 133 (50%), 132 (53%), 131(3%), 130 (25%), 120 (2~), 
118 (13%), 117 (19%), 105 (19%), 104 (9%), 102 (9%), 91 (28%), 
. 79 (26%), 78 (13%), 77 (28%), 72 (38%) 
(c) 1_diethylamino_6,7,8,8a-tetrahydroCyclopent[c]azepine .2! 
Yield 420 mg 
:a.p. 100 0 , 0.1 mm Hg 
N.m.r. (CDC13) 
6 0.7 - 1.3 p.p.m. m 6H - CH2 - CH, 
1.7.- 2.5 m 6H H on c-6, 7 and 8 
2.6 - 3.4 m 5H - CH2 - CH and H on C-8a 
.. 
_ 3 
5.68 d or d 1H H on C-4 
J 3,,4 Cl 8Hz, J4,5 • 6Hz 
6.1 br d 1H H on C-5 J4,5 • 6Hz 
6.9 d 1H H on C-3 J 3,4 • 8Hz 
I.r. (film) 
-1 
vmax 1515, 1510 cm 
U.v. (95% ethanol) 
A max ,228 run 
250 sh 
-. 285 
Mass spectrum 
m/e 205 (8%), 204 (M+) (41%), 203 (8%),189 (21%),-116 (16%), 
175 (100%), -161 (200;6), 160 (8%), 159 (8%), 141 (8%), 134 (16%), 
133 (37%), 132(33%), 131 (12%), 130 (12%), 120 (12%), 
118 (1~~), 117 (18%), 105 (24%), 104 (16%), 91 (16%), 79 (16%), 
78 (14%), 77 (18%), 12 (43%> 
Fractions 4 - 7 (0.5 g) were chromatographed on one plate in 
benzene/acetone (4 a 1). The main band was removed to give the 
cycl~pentazepine .2.2!l (110 mg):' , .'";',-
The total yields 01' the cyclopentazepines isolated werea 
~; 530 mg, ~; 340 mg, ~; 220 mg. Total recovery, 1.09 g • 13% 
yield._ 
DECOMPOSITION OF 5-AZIDOINDAN ~ 
The azide ~ (2.4' g) was' irradiated" for,:17 hours.' Removal 
of the solvent and distillation of the residual black oil gave a 
pale yellow oil (0.92 g~ 31%) which was shown by gas chromatography 
and li~ed g.l.c.-',m.s. to consist of two cyclopentazepines 
(estimated ratio~85 I 15). 
The major product was ~dentified as 2-diethylamino-1,6,.7,8_ 
tetrahydrocyclopent[d]azepine 106. Separation of the isomerio 
oyclopentazepines could not be achieved by any chromatographio 
technique. The following data is charaoteristio of the mixed'" 
azepines. 
Analysis 
Found I 
." C, 76.4, H, 9.5, N, 13.7% 
C13H20N2 requires I C, 76~45; H, 9.85; N, 13.7% 
I.r. (filDa) 
1620, 1565 -1 'r ~-·V cm max 
U.v. (95% ethanol) 
log10 £ ' 1? A 219 nm 4.20. max .- ;.' 
294 3.86 
Data characteristic of the major product 2-diethylamino_ 
I , 
1 ,6,7., 8-tetrahydrocyclopent[ d] azepine 106 • 
H.m.r. (CC14) 
6 1.13 p.p.m. t 6H - CH2 - CH3 J - 1Hz 
1.6 - 2.25 m 2H H on C-7 
2.44 br t 4H H on c-6 and 8 
2.6'1 s 2H H on C-1 
3.35 q 4H - CH2 - CH3 J :I 1Hz 
5.49 d 1H H on C-5 
, l J 4,.5 :I 8Hz 6.79 d 1H H on C-4 
Mass spectrum 
m/e 205 (16%), 204 (M+) (94%), 203 (13%), 189 (15%), 176 (19%), 
175 (10~fo), 161 (13%), 160 (11%), 159 (13%), 147 (19%)~ 
134 (11%), 133(32%), 131 (13%), 120 (16%), 118 (13%), 
1171 (13%), 105 (11%), 104 (19%), 102 (13%), 91 (19%), 79 (13%), 
.. 7,8:(11%), 77 (1996), 72 (40%) 
,', Data characteristic of the min,or product, 3-diethylamino-
4,6,7,8_tetrahydroCyclopent[c]azepine1Q1. 
", " 
H.m.r. (CC14) 
q 4H - CH2 - CH3 
t 1H H on C-5 
63.33 p.p.m. 
4.73 
" 
H 
6.85 s 1H H on C-1 
-~ ;" ' 
Mass spectrum , ' 
m/e 205 (16%), 204 (M+) (100%)', 203 (16%), 190 (6%), 189 (46%) " 
,176 (20%), 175 (92%), 161 (23%), 160 (7%), 159 (1~fo), 
148 (13%), 147 (1996), 134 (17%), ~33 (76%), 132 (60%)~ 
131 (14%), 130 (13%),. 120 (30%), 118 ( 17%), 117 (10%)~ 
106 (1996), 105 (3~fo)' 104 (15%), 103 (16%),. 102 (7%), 
91 (20%), 79 (24%), 78 .(1~), 77 (28%), 72 (47%)~ 
132. 
DECOMPOSITION OF 4-AZIDOBENZOCYCLOBUTENE ~ 
Irradiation ot the azide ~ (5.6 g) tor 20 hours to110wed 
by evaporation otthe solvent gave a red oil. This was 
chromatographed on a1umina (200 g, activity IV) using petroleum, b.p. 
40 - 60~ (300 m1), then petroleum/benzene (4 • 1) (600 m1) to give 
3-diethy1amino-2H-4-azabicyc 10[ 5,·2,0] nona-3,5,7 ( 1 )-triene 11\2' 
(4.0 .. g, 55%). 
M.p. (petroleum b.p. 60 - 80°) 
Analysis 
Found. 
C12H18N2 requires. 
N.m.r. (CDC13) 
b 1 .• 11 p.p.m. 
2.54 
2.69 
3.32 
5.40 
6.81 
I;r; (mull) 
1628 cm-1 vmax 
U.v. 
A 
max 
(95% ethanol) 
220.5 nm 
293.5 
Mass spectrum . 
C, 75.45, H, 9.85, N, 15.0,% 
C, 75.81 H, 9.51 N, 14.7% 
t 6H - CH2 - CH, J,_ 7Hz 
s 4H H on C-8 and 9 
s 2H H on C-2 
q 4H - CH2 - CH _ 3 
d 1 H H on C-6' ) 
d 1H H on C-5 ) 
J .. 7Hz 
m/e 190 (M+) (500;6), 189 (10()o~), 175 (11%), 161 (22%), 120. (16%), . 
119 (14%), 118 (32%), 117 (11%), 106 (11%), 99 (14%), 
92 (17%), 91 (43%), 78 (11%), 77 (16%), 72 (3~) 
The presence or trace quantities ot the isomeric compound 
4-diethy1amino-5H-3-azabicyc1o[5,2,0]nona-1,3,6-triene was noted in 
. . 
the crude product. This compound was not isolated. 
I 
DECOMPOSITION OF 2-AZIDOBIPHENYLENE 21 
The azide 21 (2.6 g) was irradiated for 40 hours. 
Evaporation of the solvent gave a black tar which was chromatographed 
on eight preparative layer plates in benzene/acetone (1 I 1). One 
major and several minor bands were observed. The major band was shown 
to be 2-aminobipheny1ene 112 (1.0 g, 44%). 
M.p. 126 0 (petroleum b.p. 40 _ 60°) 
Lit.160 123 _ 124° 
Analysis 
Founds 
fC12H9N requiresl 
N.m.r. (CC14) 
6 3.2 p.p.m. 
5.7 - 6.6 
I.r. (mull) 
vmax 3400, 3320, 
V.v. (95% ethanol) 
A max 258.5 nm 
357 
366 
Mass spectrum 
e, 86.4. H, 5.55. 
C, 86.2J H, 5.4. 
br s 21£ 
- NH2 
m 7tH arom. 
1660, -1 1603 cm 
sh 
N, 8.2% 
N, 8.4% 
(e~. with D2O') 
m/e 168 (20%), 167 (M+) (100')6), 166 (1596), ,151 (10%), 83.5 (SO~) 
A minor band (orange) was shown by its mass spectrum to be 
an azobiphenyleneJ m/e 331 (4%), 330 (M+) (1696), 303 (26%), 
302 (100%), 151 (3796) 
N=N' 
p~ ART 11 
134. 
SEC T ION 1 
PREPARATION OF THE (2-AMINOEENZOYL)NAPHTHALENES AND TETRALINS 
1-(2-aminobenzoll)naphthalene 
. Prepared from 1-naphthylmagnesium bromide and 
2-methyl-3,1-benzoxazin-4-one, by the tollowing procedure, which 
" 116 is essentially that of Lothrop and Goodwin I .' 
The Grignard reagent from 1-bromonaphthalene (41.6 g) and 
magnesium (5.24 g excess) in dry tetrahydroturan (200 ml) was 
added slowly during 0.5 hours to a vigorously stirred solution ot 
freshly distilled 2-methyl-3,1-benzoxazin-4-one (32.2 g) in a 
mixture ot dry toluene (500 ml) and dry ether (250 ml) at _5°. 
- ° Stirring was continued atO tor tw~ hours and at room temperature 
for tour hours. The yellow complex was hydrolysed by the addition 
ot 10% hydrochlorio acid and the upper, organio layer was 
separated. The aqueous layer was extracted with ether (200 ml) 
and the extract was combined with the toluene-ether solution. 
Evaporation ot this solution produced a yellow solid which 
was hydrolysed by boiling tor tour hours in a solution of 
10N hydrochloric acid (200 ml) and 95% ethanol (500 ml). The 
cooled solution was made alkaline with 1~/o aqueous sodium 
hydroxide:solution and ether extracted (3 x 300 ml). The combined 
etherealextraots were dried (MgS04) and evaporated leaving a red 
solid. This residue was passed down a column of alumina 
(250 g activity IV) with toluene. Evaporation of the eluate gave 
1-(2-aminobenzoyl)naphthalene (26.2 g 53~);' ~ :"'. 
135. 
1-(2-aminobenzoy1)naphtha1ene 
M.p. 138 - 140~ (95% ethanol) 
Lit.17b .. 138° 
204 140.5° , 
Analysis, 
Found a 
C17~13NO requiresl 
C, 82.7, H, 5.65. N, 5.6% 
C, 82.55. H, 5.30, N, 5.65% 
N.m.r. , ; (CDC13) 
6 6.2 - 6.8 p.p.m. 
7.0 - 7.6 
7.7 - 8.0 
m 4B :arom. + NH2 
m 6H arom. 
m 3H arom. 
I.r. (CC14) -1 
Ymax , 349~, 3335, 1632, 1612 cm 
U.v. (95% ethanol) 
Amax 222 nm , log10 E ,4.85 
238,' sh 
260 
283 eh 
292 sh 
378 
Mass spectrum 
(2H ex. with D 0) 2 
m/e 248 (24%), 247 (M+)(73%), 246 (10()o~), 230 (20')6), 218 (12%), 
. 217 (S%h 155 (11%), 1271(30%), 120 (27%), 101(10%), 
92 (16%) : 
2-(2-aminobenzoy1)naphtha1ene 
Prepared as desoribed above from 2-bromonaphtha1ene in 
3076 yield (Lit176 yield 8.3%).' -
o 
M.p. 109 _ 110 0 (95% ethanol) 
Lit.176 106 0 
205 110 _ 111 0 
Analysis 
Founds 
C17H1,NO requiresl 
N.m.r~, ; (CC1
4
) 
6 5.88 p.p.m. 
6.3 - 6.7 
6.9 - 8.1 
, (mull) 
c, 82.6, H, 5.501 N, 5.5% 
C, 82.55" H, 5.30, N, 5.65% 
br s 2H -NB2 (ex. with D20) 
m 2H arom.- > 
m 9B arom. 
. -1 
Ymax 3475, 3370, 1635, 1610 om 
U.T. (95% ethanol) , 
A max 218 nm log10 £ 4.72 
236·" sh 
255 
281 ' 
379 
Mass speotrum 
sh 
sh 
m/a 248 (11%), 247 (M+)(6~fo), 246 (10%), 230 (9%), 155 (1076), 
127 (30%), 120 (21%), 109 (12%), 92 (22%) 
5-(2-aminobenzoyl)-1,2,3,4-t etrahydronaphthalene 
Prepared as described above from 5-bromo-1,2,3,4-
tetrahydronaphthalene177 in 31% yield. 
M,p, 121 - 122 0 (95% ethanol) 
Analysis 
Found, 
C17H17NO requires, 
N,m.r. (CDC13> 
C, 81.0; H,' 6.6; , N, 5.5% 
C, 81.25. H, 6,8, N, 5,55%' 
137. 
6 1.5 - 1.9 p.p.m. 
2.4 - 2.9 
m 4H 
m 4H 
m 4H 
m 5H 
H on naphthalene C-2 and 3 
6.1 - 6.7 
6.8 - 7.4 
I.r. (mull) 
Vmax 3430, 3320, 1625, 1610 cm-1 
U.v. (95% ethanol) 
A max 220 nm log10 £ 4.29' 
233.5, 
261.5 
374 
- -
H o~ naphthalene C-1 and'4 
arom. + NH2 (2H ex. ,with D20) 
aroJJl. 
Mass spectrum ' , 
m/e 252 (31%), 251 (M+)(100%), 250 (47%), '236 (50%),235 (:'9%), 
, 234 (55%), 233 (36%), 224 (16%),' 223 '(58%), 222 "(28%), 
208 (13%), 207 (1~,.6); 206 (36%), 158 (34%), 130 (36%), 
110 (28%), 105 (27%)' ~ .!' I, 
,-". 
,. ~ ; 
\ . 
Preparation of 1,2,3,4-tetrahydro-6-(2-nitrobenzoyl)naphthalene 
A mixture of 2-nitrobenzoic acid (S3.6~ and thionyl 
chloride (200 ml) was refluxed until the acid had dissolved. The 
excess thionyl" chloride was' removed by distillation and the residue 
distilled to give 2-nitrobenzoyl chloride as a yellow oil 
(b.p.'S'5% .1 mm Kg, lit206 105%.5 iron Hg). 
Powdered anhydrous aluminium chloride (133 g) was added 
slowly to a solution of the acid chloride (93 g) and tetralin(66 g) 
in dry carbon disulphide (3' m1) at _5°. When evolution of hydrogen 
ch10ride'had ceased the'mi%ture was boiled for two hours. ' 
", 'The cooled mixture was hydrolysed by" ice-cold dilute 
hydrochloric acid and the organic layer separated~' The aqueous 
layer 'was extracted with chloroform (, % 250 ml) and the extracts ' 
combined with carbon disulphide solution. 
" Evaporation of the organic solvent left a black tar which 
waschromatographedon a column of alumina (400 g, activity IV). 
Elution with chloroform gave 20 g or a mixture of product and 
tetralin. "Further chromatography (alumina 150 g, activity IV) in 
petroleum (b.p. 60-S00) ga~e the nitrobenzoyltetrali~ (13.6 g 1~/o). 
1,2,3,4-tetrahydro-6-(2-nitrobenzoy1)naphthalene ' 
o 
M.p~ 140.5 _ '141 0, (methanol) 
Analysis 
Foundl'- , 
C17H15NO"requiresl 
N.m.r.-· (CDC1,) 
6 1~1 - 2.0 p.p.m. 
2.7':-,3.0 
7.0 - S.4 
I.r. (mull) 
vma% 1660, 152S, 
U.T. (95% ethanol) 
A 266 nm ma% 
C, 72.8, H, 5.4, N, 4~9% 
C, 72.6, H, 5.35, N, 4.9% 
m . 4H H 'on naphthalene C-2 and 3 
m 4H B on naphthalene C-1 and 4 
'm 7H arom. 
-1 1355 cm 
139. 
Mass spectrum 
.m/e 282 (11%), 281 (M+){51%), 264 (~"b), 236 (11%), 165 (11%), 
160 (13%), 159 (74%), 148 (14%), 147t (100%), 134 (26%), 
131 (35%), 130 (13%), 129 (17%), 128 (11%), 119 (13%), 
116 (17%), 115 (17%), 104 (20%), 91 (46%) 
Preparation of 6-(2-aminobenzoy1)-1.2.3,4-tetrahzdronaphtha1ene 
A solution of the nitro-compound (9.3 g) in 95% ethanol 
(250 m1) containing 10.% pa11adium-on-charcoa1 (0.5 g) in 
suspension was hydrogenated (60 lb. in.-2) until absorption 
ceased. Evaporation of the filtered solution gave a red oil which 
when purified by column chromatography (a1umina 100 g, activity IV) 
in petroleum (b.p. 60_80°) gave the aminobenzoy1tetra1in 
(7.5 g 86%) as a yellow oil. 
6-{2-aminobenzoz1)-1.2.,.4-t etrahydronaphtha1ene 
o 
° B.p. 155 - 160, 0.3 mm Hg 
Analysis 
Found I C, 81.7. H, 7.05, N, 5.2% 
C17H17NO requiresl C, 81.25, H, 6.8. N, 5.55% 
N.m.r. (CDC13) 
6 1.5 -~2.1 p.p.m. m 4H H on naphthalene C-2 and 3 
2.4 - 3.0 m 4H H on naphthalene C-1 and 4 
5.95 br s 2H -NH2 (ex. with D2O) 
6.4 - 7.6 m 7lI arom. 
I.r. (CC14) 
vmax 3490, 3350, 1635, 161T cm-
1 
U.v. (95% ethanol) 
.'}.. 
max 230.5 nm 
268 
376 
Mass speotrum 
log10 £ 4.21 
4.10 
3.62 
140. 
m/e .. 252 (19%), 251 (M+)(75%), 250 (1000~), 222 (500;6), 159 (33?6), 
120 (2SO;6) ,. 106 (2SO;6) , ~ 92 (30%) 
" • 1 . ,_ 
.> ..... 
SEC T ION 2 
PREPARATION OF THE (2-AMINOBENZIL)NAPHTHALENES AND TETRALINS 
These were prepared by the Wolff-Kishner/Huang MinIon 
reduction of the corresponding ketones. 
1-(2-aminobenZl1)naphthalene 
A solution ot 1-(2-aminobenzoyl)naphthalene(15 'g) . 
and hydr~zine hydrate (12 ml) in~dry ethylene glycol (250'~1) 
.' . o· : .: ' , 
was maintained at 150 until hydrazone formation was complete 
141. 
(24h. - reaction followed by gas chromatography). Potassium 
hydroxide (20 g) was added slowly and the temperature was raised 
until di8tillation ot water and hydrazine had ceased. The 
- . 0 
solution was maintained at 180 for tour hours and then allowed 
to cool to room temperature. 
" , 
water (1 1) was ~dded and the solution was ethe'rext~acted 
(3 %200 m1) •. The dri~d (MgSO 4) ether extracts were evaporated 
and the residue crystallised trom petroleum (b.p •. 60_80°) to give, 
1-(2-aminobenzyl)naphthalene ill. (12.8 g, 9~~).' . , ';, ~ 
1-(2-aminobenzyl)naphthalene 
©tCHa 
, " NH 
M.p.', , 101.5 _ 102.5 0 (petroleu:m' b.p. 60_8~O)" 1 
,;' >, 
Analysis 
Founds 
C17H15N requiresl 
C, 87.6; 
C, ,B7 .5J 
N, 6.2% 
N, 6.0}6 
" 
N.m.r. (eDe13) 
6 3.3 p.p.m. 
4.13 
br s 2H-NH2 (ex. with D20) 
8 2H -eH2-
6.4 - 8.0 m 11H arom. 
I.r~ (film) 
vmax ' 3450, 3370, 1620 cm-
1 
U.v. (95% ethanol) 
Amax 225·nm log10 £'4.88 
26, eh 
274 sh 
283 3.97 
292 sh 
Mass spectrum 
m/e 234 (19%), 233 (M+)(100%), 232 (45%), 218 (25%), 217 (13%), 
215 (23%), 128 (19%), 116 (13%), 106 (15%) 
2-(2-aminobenZll)naphthalene 
Prepared as described above from 2-(2-aminobenzoyl)_ 
- l naphthalene in 9090 yield.- - -c· 
Lit:05 150 - 1600 , 0.001 mm Hg. 
Analysis 
Found. 
. e17H15N requiresa 
e, 87.5, H, 6.45; N,'5.7% 
e, 87.5. H, 6.5, N, 6.0% 
. \ 
,. ".' t _ 
N.m.r. (CDCl
3
) 
6 3.39 p.p.m. 
3.95 
6.5 -7.9 
I.r. (film) 
br s 2H -NH2 (ex. with D20) 
s 2H -CH2-
m 11H arom. 
vmax ' 3430, 3365, 1620 cm-
1 
U.v. (95% ethanol) 
Amax 226.5 nm log10 E 5.00 
269 eh 
276 3.85 
279 eh 
Mass spectrum 
143. 
m/e 234 (20,%), 233 (M+)(10Q%), 232 (54%), 231 (9%), 230 (19%), 
218 (20%), 217 (17%), 216 (9%), 215 (29%), 141 (9%), 
128 (2~), 115 (21%), 106 (26%) 
2-(2-aminobe~Z11)-112,3,4-tetrahYdronaphthalene 
Prepared as described above from 5-(2-aminoben~~Yl)tetral1n 
in 83% yield. ,', ,;~, .' . I 
: ,-' 
o 
; 68.5 - 69 
Analysis --:. 
Founds . 
C17H19N requiresl 
N.m.r~ (CDCl,) 
6 1.6 - 2.0 p.p.m. 
2.5 - '~O 
3.4 
3.73 
6.5 - 7.1 
(petroleum b.p. 
C, 86.4, H, 8,25. N, 5.8% . . . 
C, 86.05, H, 8.05, N, 5.9% . ", 
m 4H El on naphthalene C-2 and 3 
m 4H 11 on naphthalene C-1 and 4 
~r s 2H -NH2 (ex. with D20) 
s 2H -CH2-
m 7H arom. 
I.r ... 
Ymax 
(CBCl3) 
3450, 3375, 1619 cm-1 
U.v. (95% ethanol) 
A max 219 sh 
234 sh 
285 
Mass spectrum 
m/e 238 (19%), 237 (M+)(74%),· 158 (28%), 146 (17%), 145 (300;6), 
144(85%), 143 (32%), 142 (5Q%), 141 (65%), 132 (200A), 
131 (6~;6), 130 (24%), 129 (100')6), 128 (58%), 127 (17%), 
118 (19%), 117 (17%), 116 (17%), 115 (46%), 107 (35%), 
106 (76%), 93 (500;6), 91 (43%) 
6-(2-amlnobenzyl)-1.2.3,4-tetrahydronaphthalene 
Prepared as described above from 6-(2-aminobenzoyl)tetralin 
in 94% yield. 
~CHW  2 ~I 
NH 
2 
o 165 - 170 , 0.45 mm Hg. 
Analysis 
Found: 
C17H19N requiresl 
N.m.r. (CDCl3) 
6 1.6 - 1.9 p.p.m. 
2.5 - 2.9 
3.39 
3.78 
0, 85.9; H, 7.75. N, 5.8% 
0, 86.051 B, 8.051 N, 5.9% 
m 4H B on naphthalene 0-2 and 3 
m 4H B on naphthalene 0-1 and 4 
br s 2H -NH2 (ex. with D20) 
s 2H -CH2-
m 7H arom. 6.4 - 7.2 
(film) 
. -1 
vmax 3440, 3360, 1620 cm 
145. 
U.v. (95% ethanol) 
A 224 nm eh max 
237 sh 
280.5 log10 E 3.8 
289 eh 
Mass spectrum 
m/e' 238 (25%), 237 (M+)(10Q%), 236 (33%), 208 (13%), 194 (13%), 
180 (11%), 144 (28%),- 131 (21%), 129 (14%), 106 (52%), 
91 (14%) 
. ~ : 
,; > ~ : " • 
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SEC T I ON 3 
PREPARATION 'OF THE (2-AZIDOBENZYL)NAPHTHALENES AND TETRALINS 
1-(2-azidobenzyl)naphthalene 
A solution ot 1-(2-aminobenzyl)naphthalene jj£ (11.7 g, 
0.05 M) in a mixture ot 4N sulphuric acid (250 ml) and purified 
, 0 
1,4-dioxan (250 ml) was cooled to -5 and a solution of sodium 
nitrite (3.8 g, 0.055 M) in water (50 ml) was added with stirring. 
Atter 15 minutes a solution of sodium azide (3.6 g, 0.055 M) in 
water (50 ml) was added and the solution was warmed gently to 30~ 
The azide was extracted with ether (3 x 200 ml) and the'combined 
etherealextracts·dried(MgS04). The solvent was removed under 
reduced pressure at 30 0 and the residual oil was percolated 
through a column of alumina (200 g, activit~ iv~ coiumn length 0.2m) 
". 0 ' " . ' , 
in petroleum (b.p. 40-60 ). Evaporation of, the solvent, under . 
o ' 
reduced pressure 'at 30 , left the azide as a pale yellow oil 
(10.8 g, 84%).: 
1-(2-azidobenzyl)naphthalene .~ 
Analysis 
Found I 
C17H13N; "requires I C, 78.75; H, 5.05; N, 16.~ 
s 2H, -:,CH2-:-
m· 11H arom. 
I.r. (film) 
-1 
vmax 2125, 1285 cm 
U.v. (95% ethanol) 
Amax 221.5 nm 10g10 £ 4.92 
253 4.08 
260 sh 
271 sh 
281 4.01 
Mass spectrum 
. 147. 
m/e' 260 (4%),259 (M+)(13%); 232 (299'6), 231:(1000~), 230 (1296), 
229 (796), 202 (696), 115 (11%) 
2-(2-azidobenzyl)naphthalene j]l 
Prepared as above from 2-(2-aminobenzyl)naphthalene 1!! in 
56% yield as a yellow oil. 
N.m.r. _(CDC13)' 
6 3.98 p.p.m. 
6.9 - 7.8 
I.r. (film) 
-' '--1 
vmax 2125, 1290 cm 
U.v. (95% ethanol) 
s 2H -CH2-
m 11H arom. 
A max 228 nm 10g10 £ 4.93 
253 4.15 
275 sh 
285 eh 
Mass spectrum 
. m/e 259 (M+)(896),232 (30)6), 231 (100%), 230 (60%), 229 (200;6), 
202 (20%), 115.5 (18%), 115 (200~), 114.5 (10%), 101 (13%) 
6-(2-azidobenzyl)-1,2,3,4-tetrahydronaphthalene 128 
-
Prepared as above from 6-(2-aminobenzyl)tetralin in. 62% 
yield. 
44 - 45 0 (95% ethanol) 
Analysis 
Founds 
C17H17N3 requires: 
N.m,r, (CDCl3) 
6 1.6 - 1.9 p,p.m. 
2.5 - 2.9 
3.83 
6.8 - 7.2 . 
I.r. (mull) 
"max 
-1 2118, 1288 cm 
U.T. (95% ethanol) 
Ct 78.1; Ht 6. 'l5; Nt 15.9% 
C, 77.55; H, 6.5; N, 15.95% 
m 4H H on naphthalene C-2 and 3 
m 4H B on naphthalene C-1 and 4 
s 2H -CB2-
m 7H arom. 
~ max 251.5 nm log10 £ 3.99 
279 sh 
289 sh 
Mass spectrum 
m/e 263 (M+)(9%), 235 (400;6), 234 (100%), 207 (21%), 206 (48%)t 
194 (13%), 192 (25%), 191 (23%), 180 (10%), 115 (11%) 
149. 
5-(2-azidobenzyl)-1.2.3,4-tetrahydronaphthalene 112 
Prepared as above from 5-(2-aminobenzyl)tetralin in 9~~ 
yield. 
~CH  2 
M.p. 
o 
48 - 50 o N (petroleum b.p. 40-60 ) 3 
Anal1sis 
Found I 
• . C17H17N3 requireu 
N.m.r. (CDCl3) 
-' '. 
b 1.5 - 1.9 p.p.m. 
2.3 - 2.9 
3.81 
6.6 - 7.2 
I.r., (film) 
Y
max 
2130; 1290 cm-1 
V.V. (95% ethanol) 
C,,78.11 H,6.851 N,15.6% 
C, 77.551 H, 6.5. N, 15.95% 
m 4H H on naphthalene C-2 and 3 
m 4H H on naphthalene C-1 and'4 
s 2H -CH2-
m 7H aroma 
~max' 251.5 nm log10 E 3.99 
278 sh 
288 sh 
Mass spectrum 
m/e 263 (M+)(2%), 236 (50%), 235 (100%), 234 (25%), 207/ (54%),· 
206 (76%), 205 (15%), 204 (32%), 193 (32%), 192 (37%), 
105 (22%) 
150. 
SEC T ION 4 
DECOMPOSITION OF THE (2-AZIDOBENZYL)NAPHTHALENES AND TETRALINS 
All azides were deeomposed thermally in 
1.2,4-triehlorobenzene by the following proeedure: 
A solution of the azide (9.5 g) in 1.2,4-triehlorobenzene 
(100 ml). was added dropwise during 45 minutes to triehlorobenzene 
(1 1) maintained at a speeified temperature in the range 180 - 200°. 
The trichlorobenzene was stirred vigorously during the addition of 
the'azide and a slow stream of dry nitrogen was passed through the 
solution during the entire deoomposition. 
After four hours the solution was cooled and the solvent 
removed by distillation under redueed pressure (1 mm Hg). The 
residue was treated as described for the individual azides. 
151. 
DECOMPOSITION OF 1-( 2-AZIDO:BENZYL)NAPHTHALENE 126 
The azide (9.5 g) was decomposed at 195° for four hours 
and the trichlorobenzene removed under reduced pressure. 
Gas chromatography (3% OV17 on Supaso~b AW, 50 ml/min 
nitrogen, 244°) of the residual yellow solid showed the presence 
of five components of which products 4 and 5 (in increasing 
retention time) made up the bulk of the material. 
A solution of the crude decomposition product (100 mg) in 
ether (25 ml) in a 50 ml separatory flask was shaken for one minute 
with 4N sulphuric acid;(10 ml). Examination of the ethereal 
solution revealed that product 4 had been removed completely. 
Similar treatment ot 2 g of the crude product gave after basitication 
° ot the acid extracts a solid crystallising from petroleum (b.p. 60-80) 
which was identified as benz[a]acridine 1iQ (0.5 g, 25%). 
Evaporation of the ethereal solution after removal ot 
product 4 gave a solid residue, product 5 crystallised from. 
petroleum (bep.60-800) and was identified as 7,12-dihydro-
benz[a]acridine ill (1.0 g, 50%). 
, The crude decomposition product (4 g) was chromatographed 
on a column of alumina (300 g). The column was 'eluted with 
toluene and tour;fractions were collected. The third fraction 
gave pure product 2 identified as 1-(2-aminobenzyl)naphthalene jjl 
by comparison with material previously prepared. 
The tirs~ fraction which contained products 1,3 and 4 was 
evaporated and the residue spread on to two preparative layer 
.' , 
plates.' Elution with toluene produced two clearly.'detined buds. 
The upper band gave a yellow oil whi6h'~as ~hown by gas 
'," F ~" 
chromatography to be a mixture of products 1 and 3. Separation of 
this mixture was achieved by column chromatography (alumina, 100 g; 
pet~oleum b.p. 60_80°) and products '1 and 3 were obtained as pale 
yellow oils which \7e~~ identified from ~p~ctral' da.ta as 
7H-indolo[1,2-a][1]benzazepine llland 7H-indolo[2,1-a][2]benz-
azepine jji!respectively. 
) ( 
Properties or the compounds isolated: 
~enz[a]acridine (Product 4) 1iQ 
M.p. 130.5 - 131° (petroleum b.p. 60_80°) 
Lit~181131o 
Analysis 
Found: 
C1TH11N requires: 
N.m.r. (CDC13) 
b 7.3 - 8.0 p.p.m. 
8.0 - 8.6 
8.96 
V.v. (95% ethanol) 
Ama:x: 222.5 run 
234 
276.5 
285 
,,345 
Mass spectrum 
ah 
C, 89.5J H, 5.10; N, 6.296 
C, 89.05; H, 4.85J N, 6.1% 
m 8H arom. 
m 2H' arom. 
s 1H H on C-12 
log10£ 4.59 
4.52 
4.73 
m/a' 230 (28%), 229 (M+)(100%), 228 (20%), 221 (13%), 202 (5%), 
201 (7%), 200 (7%), 114(13%), 101 (9%), 100 (9%) 
1. 12-dlhydrObenz[a]acrldlne (Product 5) ill 
M.p. _ 166-- 16ao (petroleum b.p. 60_80°) 
'182 ,- ° Lit. -, 166 - 168 
Analysis 
~" . 
Found: ' "1 C, 87.9. H, 5.65. N, " ,~ ~. " 
--
C17B13N, requires: C, 88.3, B, 5.65" N, 6.05% -'. 
-, 
" 
N.m.r. (CDC13) 
6 4.4 p.p.m. 8 2H 
- CH2 -
5.9 br s 1H NH (ex. with D20) 
6.5 - 7.9 m 10H arom. 
I.r. (mull) 
, -1 
Y max 3400 cm 
U.v. (95% ethanol) 
A max 223 nm 
261 
276.5 
" 315 
.367.5 
Mass spectrum 
log10 £ 4.51; 
4.33 
4.35 
4.06 
3.53 
m/~ . 232 (5696), 231 (M+)(10~), 230 (30%), 229 (~), 202 (7%), 
115 (6%), 114 (4%), 102 (8%), 101 (9%), 100 (5%) 
IH-indolo(1.2-al(11benzazepine (Product 1) 1ii 
N.m.r~ (~DC13)rr 
6 3.2 - 3.5 p.p.m. 
5.9 - 6.4 
I.r. (film) 
br d 2H - CH2 -
m 1H H on c-6 
s 1H H on C-8 
d 1H· H on C-5 J 5,6. 10.5Hz 
m 8H arom. 
Y 1580, 1558 cm-1 max 
U.v. (95% ethanol) 
A 220, 263.5sh, 291sh, 297sh., nm max 
Amin 244 nm 
Mass spectrum 
m/e 232 (21%), 231 (M+)(100%), 230 (89%), 229 (14%),228 (2~), 
204 (1196), 203 (7%),'202 (12%), 115.5 (11%), 115 (11%), 
114.5 (1196), 114' (1596), 102 (1496), 101 (9?6L 
7H-indolo[2,1-aJ[2Jbenzazepine (Product,) _.:ll! 
N,m.r. (CDCl,) 
6 4.58 p.p.m. 
6.23 
6.71 
6.79 
7.0 - 7.9 
I.r. (film) 
d 2H -CH2 -
d of t 1H H on c-6 
J6,7 - 6.5Hz, J5,6 = 10.5Hz 
s 1H H on C-13 
d 1H B on C-5 J 5,6 = 10.5Hz 
m 8H arom. 
y 1630,1590 cm-1 
. max 
u.v. (95% ethanol) 
A 230.5, 253sh, 262sh, 27:5.5, 312 nm max 
. Amin 272, 284 nm 
Mass spectrum 
m/a 232(19%), 231 (M+)(10Q%), 230 (63%), 229 (8%), 228 (14%), 
204 (21%), 20, (6%),202 (8%), 201 (4%) 
155. 
DECOMPOSITION OF 2-(2-AZIDOBENZYL)NAPHTHALENE~27 
° The azide (3.2 g) was decomposed at 180 for four hours. 
Evaporation of the trichlorobenzene gave a red oil which 
crystallised on cooling. Gas chromatography (3% OV17 on Supas~rb11W, 
50ml/min"nitrogen, 243°) showed the product to consist of one major 
and two minor components. 
Trituration of the crude products with ethanol (95%) gave 
7,12-dihydrobenz[c]acridine (1.0 g 35%). 
7.12-dihydrobenz[o]acridine 112 
° M.p. 140 - 141 (aqueous ethanol) 
Lit.181 140 ° 
Analysis 
Found I 
C1iH13N requiresl 
N.m.r. (CDC13) {) 4.12 p.p.m. 
6.41 
. 6.5 - 7.8 
I.r. (mull) 
-1 
vmax 3420 cm 
U.v. (95% ethanol) 
"max 223 nm 
259 -
278 
346 
Mass spectrum 
sh 
C, 87.9. H, 5.60. N, 5.8% 
C, 88.3; H, 5.65; N, 6.05% 
s 2H -CH2 -
br's 1H NH (ex. with D20) 
m 10H arom • 
log10 £ 4.70 
4.26, 
m/a 232 (9%),~231 (M+)(41%), 230 (100%), 229 (97%), 228 (}~), 
227 (14%), 226 (9%), 216 (7%), 215 (5%), 203 (9%), 202 (12%), 
201 (9%), 200(7%),-115.5 (10%),115(18%), 114.5 (19%), 
114 (24%), 113.5 (10%), ~13 (9%)~ , . 
156. 
, The filtrate after trituration was evaporated and the 
residue absorbed onto alumina. Elution with petroleum (b.p. 60_80°) 
gave two fractions. The first fraction contained a small amount of 
material which was not identified. The second fraction gave 
benz[ c] acridine ~j 36 (1.0 g 35%). 
-. 
~enz[c]acridine jj£. 
M.p. 108 - 109° (petroleum b.p. 60-80°) 
Lit.181 107 _ 108° 
Analrsis 
Founds 
C17H11N requiresl 
H.m.r. (CDC13) 
6 7.4 - 8.1 p.p.m. 
8.34 
8.5 ' 
9.3- 9.1' 
V.v. (95% ethanol) 
A ' "220 nm sh 
max, 
223.5 
235 sh 
256 sh 
266 ' sh 
274.5 
289.5 
.. ~' 363.5 
378.5 
Mass spectrum 
C, 88.9, H, 4.80. N, 6.1% 
C, 89.05. H, 4.85. N, 6.1% 
m 8H arom. 
d '1H H on C-11 
s ' 1 H H on C-7, 
m 1H H on C-1 
J • 9Hz 
mle 130 (21%), 129 (100%), 128 (29%), 114.5 (13%) 
Elution ,with toluene" gave' two' fractions. the first was ;. 
identified as 2-(2-aminobenz71)naphthalene.lll'(0.3:g 10%);and'the 
second as 7,12-dihJdrobenz[c]acridine 112 (0.1 g). 
157. 
DECOMPOSITION OF 6-(2-AZIDOBENZIL)TETRALIN ~. 
The azide (5 g) was decomposed at 185 0 for four hours and 
the ,trichlorobenzene was removed under reduced pressure. 
Gas chromatography of the residual oil (3% OV1Ti on 
o Supasorb AW, 50ml/min nitrogen, 221 ) showed the presence of one 
major and four minor components. Trituration with ethanol (95%) 
precipitated the major product (3.1 g 70%) which was identified as 
7,8,9,1 o-tetrahydro-12H-indolo[ 1 ,2-b] [ 2] benzazepine, ll§.. • 
7.8,9.10-tetrahydro-12H-indolo[1.2-b][21benzazepine ,~ 
M.p. 125.5 - 126.5 0 (95% ethanol) 
Analysis 
Founds 
C17~1tT requiress 
N.m.r. (CDC13) 
C, 
C, 
87.1, H,. 7.40; 
86.75; H, 7.3; 
N, 6.()D~ 
N, 5.95% 
6 1.5 - 1.9 p.p.m. 
2.0 - 2.6 
m 4H H on C-8 and 9 
m 4H R on C-7 and 10 
3.26 
5.63' 
6,0;' 
d 2H 
t '1H 
s" 1H 
H on C-12 } 
H on C-11 J 11 ,,12 • '1Hz -
H on C-13 
,7.0 - 7.6 m 5H R on C-1~2,3,4 and 6 
I.r. (mull) 
v 1649, 1620 cm-1 
max 
U.v. (95% ethanol) 
A max 231.5 ~" log10 E 4.39 
270 4.29 
288 eh 
Mass spectrum , , ' 
~/. 236 (~7%), 235 (M+)(1~()D~), 234, (33%), 220 (8%), 218 (8%), 
207 (10%), 206 (15%), 205 (7,%)~ 194 (6%), 193 (6%), 192 (6%), 
180 (5%), 167! (5%) 
158. 
The residue from the trituration was washed with acid, the 
acid extracts neutralised and extracted with ether. Evaporation of 
the ethereal extracts gave brown needle-lite crystals of 
1,2,',4-tetrahydrobenz[c]acridine,1l2 (60 mg, "1-~/o). _ 
1.2.,,4-tetrahydrobenz[e]acridine 122 
M.p. 79 - 80 0 (aqueous ethanol) 
Analysis 
Founda 
C17B15N requires. 
H.m.r. (CDC1,) 
6 1.8 - 2.1 p.p.m. 
2.6 - 3.1 
3.2 - 3.6 
7.0 - 8~0 
8.26 
8.53 
I.r. (mull) 
v 1630, 1615 em-1 
max -
C, 871.5J 
C, 87.5J 
m 4R 
m 2B 
m 2H 
m 5B 
d 1H 
s 1H 
U.v. (95% ethanol) 
A max 250 nm sh 
257 log10 £ 5.23 
343 sh 
'571 
Mass spectrum 
H, 6.5J N, 6.00/0 
H, 6.5J N, 6.0% 
, 
H onO' C-2 and-3 
H on C-4 
, -' 
B on C-1 
H on C-5,6,8,9 
H on C-11 
H on C-Tt 
and 10 
J - 8Hz 
m/e 233(M+)(10Q%), 232 (7296), 218) (5696), 217 (33%), 204(19%), 
Addition of the lanthanide shift reagent-Eu(fOd)3 to'the 
n.m.r. solution causes large down-field shifts in the signals at 
'- -
6 3.2 - 3.6 p.p.m. and at 6 8.2G:p.p.m. 
159. 
DECOMPOSITION OF 5-(2-AZIDOEENZTL)TETRALIN ~ 
The azide (5.3 g) was decomposed at 183° for six hours. 
The trichlorobenzene was evaporated unde~r reduced pressure and a 
sample'of the residual red oil was injected into a gas chromatograph 
° (3% OV17 "on Supasorb AW, 50ml/min nitrogen, 223 ) • 
. The chromatogram showed that the crude product comprised 
two major and three minor components though thin layer 
chromatography indicated the presence of eight components. These 
components are subsequently referred to as products 1 - 5, 
corresponding in order of increasing retention time to the peaks on 
the chromatogram. 
An attempt was made to separate the products by column 
chromatography, the crude decomposition product (2.5 g) was 
chromatographed on a column of alumina (300 g activity IV 
column length 1m). 
The column was eluted with petroleum (b.p. 40-60°), 15ml 
~ ~. " 
fractions were collected and the components of each fraction were 
checked by gas chromatography." 
The ,'fOllOwing table (Table 1) lists the products eluted from 
the colUmn, the fractions in which they appeared and the isolated 
yield of pure ~aterial: '. 
TAELE 1 
" Product Fractions Isolated Yield 
--' -- \ 1 32 ' 
2 33 - 39 33 - 38: 200 mg 8% 
, ;" , -, , 
1 42 53 450 mg . 18% 
4 52 - 82 62 - 70 300 mg 1~ 
-
83 - 157 
HiO. 
After Fraction 157 the column was eluted with methanol, the 
methanol evaporated and the residue re-chromatographed on an alumina 
column (100 gm activity IV). 
This column was eluted with toluene and again 15ml fractions 
were collected and analysed by gas chromatography. Table 2 lists 
the prod~cts eluted from the column. 
TABLE 2 
Product Fractions Isolated Yield 
-
1 - 4 
3 5 - 14 5 - 14 450 mg 18% 
-
15 - 35 
5 36 - 50 36 - 50 250 mg 10% 
" " Product 2 was characterised only by spectral data since 
it rapidly decomposed on standing. The spectral data were 
sufficient to be able to characterise it as 1,2,3,4-tetrahydro-
13bH-indolo[ 2, 1--a] [2] beDzaz.pine'~ 1'40• • 
Products 1 and 4 crystallised from petroleum to give pure 
samples of .1,2,3,4-tetrahydro-7B-indolo[1,2-a][1]benzazepine 1&1 
and 1,2,3,4-tetrahydro-iB-indolo[2,1-a][2]benzazepine 1&£ 
respectively-. 
Product 3, a viscous oil, was identified from spectral 
data as 4,5,6,6a,7,12-hexahydronaphtho[1,8-b c][1]benzazepine1!2 
Product 5 was identified from its n.m.r. spectrum as 
1,2,3,4,7,12-hexahy-drobenz[a]acridinel!! , however, it underwent 
rapid oxidation and was characterised as its oxidation product 
1,2,3,4_tetrahy-drobenz[a]acridinejjl. 
Properties of the compounds isolated: 
161. 
1,2,',4-tetrahydro-7H-indolo[1,2-a](1]benzazepine 1A1 Product 1 
M.p. 100 - 101° (petroleum b.p. 60_80°) 
Analysis" 
Founds 
C17H17N requiresa 
N.m.r. (CDC13) 
6 1.5 - 2.0 p.p.m. 
2.0'- 2.4 
2.5-3.0' 
3.2 
5.5 - 6.1 
5.99 
6.8 - 7.6 
I.r. (mull) 
C, 86.6; H, 7.15J N, 6.~~ 
C, 86.75; H, 7.3; N, 5.95% 
m 4H H on C-2 and 3 
m 2H H on C-4 
m 2H H on C-1 
d 2H H on C-7 J 6,7 = 6Hz 
m 2H' H cn C-5 and 6 
s 1H H on C-8 
m 4H. H on C-9,10,11 and 12 
-1 
c v •. 1.640, 1618 cm 
,. max 
u.v: (95%eth~ol) 
Amax 232 nm 
268 
285 ": sh 
Mass spectrum 
log10 E 4.38 
," 4.13·' . , 
m,_ 236 (17%), 235 (M+)(100%), 234 (32%), 220 (6%), 219 (4%), 
218 (4%), 217 (4%),208 (3%), 207 (17%), 206 (21%), 205 (7%), 
204 (9%), 194 (S%), 193 (4%), 192 (7%), 191 (6%), 180 (6%), 
167; (4%) 
162. 
1,2".4-tetrahYdro-13bH-indolo[2.1-a][2]benzazepine1&Q Product 2 
N.m.r, (CDC13) 
6 1,5·- 2.7 p,p.m. 
, 3,33 
5.4 - ~.,9 
" 6.12 ' 
. 6,9 - 7.6 
I.r. (film) 
m 8H H on C-1.2.3 and 4 
t 1H H on C-13b 
m· 2H H on C-5 and 6 
s 1H H on C-13 
m 5H H on C-7. 9 • 1 0, 11 ;. and 12 
6 -1 v 1660. 1642, 1 18 cm 
max 
U.T. ,. (95% ethanol) 
'" max 228 run log10 £ 4.1;2, J 
248 sh 
271.5 3,95 
310 sh 
Mass spectrum, "" 
m/e 236(16%). 235 (M+)(10Q%). 234 (26%). 220 (12%). 219 (4%). 
218 (11%). 217 (7%). 207 (30%). 206 (51%). 205 (13%). 
204 (18%). 194 (19%), 193 (12%). 192 (11%). 191 (11%). 
181. (6%), 180 (15%), 179 (6%). 178 (11%), 167 (13%) 
4.5.6,6a,7.12-hexahydronaphtho(1.8-b cJ(1]benzazepine lA! 
H 
Product 3 
Analysis 
Founds C, 86.60; H, 7.05. N, 5.62% 
, b ~17H17N requiresl C, 86.75; H, 7.30; N, 5.95% 
N.m.r. (CDC13 HR-220 MHz spectrum) 
6 1.7 - 2.2 p.p.m. m 4H H on C-5 and 6 
2.68 - 2.85 m 2H H on C-4 
3.3 br s 1H NH (ex. with D20) 
3.36 : ~: l" H on C-~.2 J • 15.2Hz 
4.92 ~. , . 
m 1H H on C-6a 
d 1H H on C-8 J • 8Hz 
5.1 - 5.2 
6.36 
'6.54 t 1H H on C-10 J • 8Hz 
6.8 - 7.2 ' m 5H H on C-1,2,3,9 and 11 
l.r. (film) 
90 1604 cm-1 "max . 34 , 
U.T. (95% ethanol) 
A 235 nm log10 £, 3.44 max ' 
260 3.91 
"Mass, spectrum 
" 
m/e 236 (13%), 
208 (18%), 
235(M+)(85%), 234 (65%), 233 (13%), 218 (13%), 
207(100%),,206 (30%), 204 (13%) 
1.2,3,4-tetrahIdro-7H-indolo[2,1-a](2]benzazepine lA! Product 4 
o 0 M.p. 103 - 104 (petroleum b.p. 40-60 ) 
Anal)"sis' 
Found: '. 
C17H17N requires: 
N.m.r. (CDC13) 
6 1.6 - 2.0 p.p.m. 
2.1 ''.. 2.8 
4.4 - 4.6 
5.8 - 6.2 
6.48. 
, , 
C, 86.5, H, 7.25; N, 5.8% 
C, 86.75J H, 7.3J N, 5.95% 
m4H H on C-2 and 3 
m 4H H on C-1 and 4 
br d 2H H cmC-~ 
m 2H H on C-5 and 6 
s 1H H on C-13 
H 
7.0- 7.8 m '4H H on C-9,10,11 and 12 
l.r. (mull) 
-1 
v 1635, 1580 cm max . 
n.T. (95% ethanol) 
'i log10 £ 4.48 "max 224 nm. 
248 sh 
290 , Bh 
325. 4.02 
348' sh 
Mass spectrum, " 
m/e" 236 (25%), 235 (M+)(100%), .234 (30%), 220 (11%), 219 (4%), 
" 218 (6%), 217 (4%), 208, (6%), 207 (25%), 206 (32%), 205 (7%), 
204 (9%), 196 (8%), 195 (7%), 194 (7%), 193 (7%). 192 (6%), 
190 (13%), ".167 (9%) 
1,2,3,4,7,12-hexahydrobenz[a]aoridine ~ Produot 5 
M,p. 168 - 170 ° (petroleum b.p. 60_80°) 
N.m.r. .. (CDC13) 
6 1.6 - 2.0 p.p.m. 
2.5 - 2.9 
m 4H H on C-2 and 3 
m 4H H on C-1 and 4 
S 2H H on C-12 
br S 1H NE (ex. with D20) 
m 6H H on C-5,6,8,9,10 and 11 
1,2,3,4-t etrahydrobenz[a]aoridine. ill 
M.p. 119~5-120'.5 ° (petroleum b.p. 60-80°) 
bU1sis 
Pound I 
C17H15N requiresl 
N,m.r. (CDC13) 
6 1.6 - 2.0 p.p.m. 
2.6 - 3.0 
6.9 - 8.3 
8.42 
I.r. (mull) 
Ymax 
. 1625 cm-1 
U.T. (95% ethanol) 
~ max 250 nm sh 
256 
355 
Mass spectrum 
C, 87.31 H, 6.251 N,- 6.0% 
C, .87.51 H, 6.51 N, 6.0% 
m 4H H on C-2 and 3 
m 4H H on C-1 and 4 
m 6H H on'C-5,6,8,9,10 and 11 
s 1H H on C-12 
165. 
m/e 234 (18%), 233 (M+)(100%), 232 (19%), 218 (14%), 217 (1~), 
205 (49')6), 204 (23%), 192 (14%) 
PAR T 111 
166. 
SEC T ION 1 
PREPARATION OF THE 2-ACETAMIDOTRIPHENYLCARBINOLS 
2-acetamidotriphenylcarbinol lli 
Prepared from phenylmagnesium bromide and 2-methyl-3,.1-
benzoxazi~4~one by the following procedure which is a modification 
of the reaction first des~ribed by Lothrop'and GoOdwin176 • 
. ., , 
A solution of 2-methyl-3,1-benzoxa~in_4_one (30 g) in dry 
benzene (1eO ml) was added dropwise with vigorous stirring to a 
refluxing solution of the Grignard reagent formed from bromobenzene 
(65 g) ~d magnesium (10 g)",il21 dry ether (250 ml). The mixture was 
r~fluxed for 4 ho~rs,' allowed to-C ~~~i·'~nd,.then hydrolysed with a 
saturated solution of ammonium chloride in ammonia (s.g. 0.880) 
. \. . 
(500 ml). The upper organic layer was separated and the aqueo~s 
layer extracted with ether (3 % 150 ml). The combined ethereal 
extracts were dried (MgS04) and evaporated to give a red oil which. 
when tritur~ted with methanol~ gave 2-acetamidotriphenylcarbinol ill '\ 
(35 g. 60%). 
Ph 
M.p. 200 - 201 0 (methanol) 
. i{t.185~ 192 0 ., 
.' .. 116 .'~. 0 
. '" ~ .'_ .• 191 - 198 
Analysis 
Found I C. 79.4. H. 6.15. N. 4.4% 
/C21H19N02 requiresl C. 19.45. H. 6.05. ,,~. 4.4% 
-, , 
167. 
N.m.r. (CDC13) 
1.54 p.p.m. s 3H - CH3 
3.96 s 1H -'OH (ex. with D2O) 
6.5 - 7.5 m 13H arom. 
7.97 d 1H arom. J • 8Hz 
8.78 br s 1H - NB- (ex. with D2O) 
(mull) 
3450 - 3000 br, 3300', 3220, 1670, 1610, 1585 em-1 
I.r. 
, , Ymax 
U.v. (95% eth~ol) 
: ~ ,246 nm 10g10 £ 4.06 
max 
Mass,speetrum 
m/e 317 (M+) (2%), 299 (20,%), 283 (1~), 258 (16%), 257 (58%), 
256 (10~~), 255 (16%), 254 (24%), 180 (2~), 165 (12%), 
152" (14%), 105 (12%), 77 (14) 
2_aeetamido-4'-methoXltriphenylearbinol 122 
A solution or 2-aeetamidobenzophenone (44 g) in dry tetra-
hydroruran (100 ml) was added dropwise with vigorous stirring to a 
rerluxing s~lution or the Grignard reagent from p-bromoanisole (105 g) 
and magnesium (14 g) in dry ether (500 ml). The mixture was refluxed 
for 4 hours. Work-up as deseribed above gave a yellow solid whieh 
"was ex7stallised from petroleum (b.p. 60':'80°)/ oar~o~ -tetrachloride to 
yield 2-acetamido-4 "-methoxytriphenylcarbinol!22. (~~. g, 35%). 
o 
M.p. 158 - 160 (CC14/petroleum b.p. 60 - 80°) 
Analysis 
Found.'C,73.7, 'H"5.9, N,3.7% 
C22B21N03 requiresl C, 76.051 H~ 6.1, N,,4.05% 
• 4. • ,~" " ..;. "': .,~ •. , _, '"./ 
C22B21N03.ii~20 requireu Cp74~11 'H,,6:2; N, -3.9% 
B.m.r. (CDC13) {) 1.52 p.p.m. 
3.72 
4.78 
6.5 - 7.5 
8.0 
9.1 
I.r. (mull) 
s 3H - COCH3 
s 3H - OCH3 
s 1H - OH 
• 
m 12H ,arom. 
d 1H arom. 
br s 1H - NB -
v 3450 - 3100 br,,, 1665,'1608, 1585 cm-1 max 
U.v. (95% ethanol) 
A max 212 nm log10 £ 4.48 
230.5 4.26 
245 sb 
271 sh 
282 sb 
168. 
J • 7Hz 
Mass spectrum , c 
m/a 34"t (M+) (996), 330 (120~), 329 (47%),,315 (7%),288,(13%), 
287 (61%), 286 (100%), 285 (8%)" 273 (7%), 272 (33%) .. 
27.1 (69'6), 270 (89'6), 256 (11%), 254 (69'6), 242 (12%), 210 (17%)" 
180 (17%), 135 (14%), 120 (28%), 105 (2~~), 77 (24%) 
2-acetamido-4' -methyl triphenylcarbl'ftol ill: ;', 
, Prepared as described above from 2-acetamidobenzophenone 
(48 g) and the Grignard reagent from p-bromotoluene (103 g) and 
magnesium (16 g) in 52% yield. 
. M.p. 
Analysis 
Founds 
C22H21H02 requiresl 
C, 79.95, H, 6.30, H, 4.0~fo 
C, 79.75, H, 6.40, H, 4.20% 
NH 
I 
COCH 
3 
b 1.51 p.p.m. 
2.~2 
4.45 
6.5 - 7.4 
8.01 _ 
9.0 
s 
s 
s 
m 
d 
br s 
~H 
- COCH~ 
~H 
- CH~ 
1H 
- OH 
12H arom. 
1H arom. 
1H 
-NH-
I.r. (mull) 
~500 - ~OOO br, 1665,158~ cm-1 Vmax 
U.v. (95% ethanol) 
A, 214.5 nm 
max 
248 
Mass spectrum ' 
(ex. with D2O) 
(ex. with D2O) 
m/e'~31 (M+) (6%), 314 (8%), 313 (29%), 298 , (4%), 272 (9'''), 
271 (44%), 270 (10OC;6), 269 (6%), 257;' (696), 256 (23%), 
254 (10,%), 194 (11%), 180 (14%), 120 (1OC;6), 119 (6%), 
105 (1oc;6), 9~ {6%),92 (5%), 91 (7%), 86 (7%), 84 (11%), 
77 (11%) 
2_acetamido~4·-{4.4-dimethyl-2-oxazolin-2-yl)triphenY1carbinol ill 
~ A solution ot 2-acetamidobenzophenone (12 g) in tetrahydro-
"turan (50 m1) was,added dropwise to a reflu:x:ing solution of the 
Grignard" ~eagent trom 2-:-< 4-b~omopheny1 )-4~ 4-dimethyl_2_oxazo1in~207 
(25.4 g) and ~agnesium (2.65'g) in tetrahydrofuran (300 m1). Work-
up as described above ga~e a. r~d oil (25.7 g) which consist'ed ot 
,. , '," , "" 
starting material and product. Separation was achieved by column 
chromatography on a1umina (300 g, activity IV). Elution with 
benzene (1 1) followed by methylene chloride (1 1) gave the -
carbinol (5.5 g, 27%). 
NH 
> I 
M.p. ..103 _ 105 ° (CC14/petroleum b.p. 60 - 80°) COCHa 
Analysis ,', 
'" Found: 
, 
C26H26N203 requires: , ," 
, C26H26N203. 1i H20 requir~s: 
C,,70.51 H,6.15; N,6.2% 
C, 75.35; H, 6.30; N, 6.15% 
C, 70.75; 'H, 6.55, N, 6.3% 
N.m.r. (CDC13) 
l> 1.32 p.p.m. 
,,1.56 
4.05 
5.1 
6.5 - 8.0 
8.9 
s 6H - CH3 , 
s 3H - COCH3 
s 2H 
- CH2 -
br s 1H - OH 
m 13H arom. 
1H - NH -br s 
I.r. (mull) 
v 3500- 2800 br, -1610, 1630 cm-1 
max " 
U.v. (95% ethanol) 
> Mass spectrum 
,," # , 
(ex. vi th'D20) , ' ' I . - -
l 
(ex'~'>'Wi th D
2
0 j', ' 
m/e ,,414 (M:) (4%), 396 (11%),,354 (42~), 353 (1000fo), 281 (12%), 
214 (24%), 213 (100%), 212, (15%),269 (13%), 258(20%), 
,255 (15%),254 (15%), 197 (44%),196 (79%), 194 (15%), 
,182 (29%), 181, (26%), 180 (68%), 179 (13%), 167 {12%),.. " 
165 (25%), 120 (26%),105,{21%), 92 (17%), 77 (2496) , 
171. 
2-acetamido-4' -carboxytripheny1carbino1 112: 
A vigorously stirred solution of magnesium sulphate (16 g) 
in water (450 m1), containing 2-acetamido-4'-methy1tripheny1carbino1 
(10 g) in suspension, was heated to reflux. ;c<.·. A solution of 
potassium permanganate (16 g) in water (50 m1) was added and the 
mixture was left until the reaction was complete, ';.: indicated by the 
disappearance of the purple co1ouration·,(4 h). 
The precipitated manganese dioxide was filtered off and 
washed with hot water (500 m1). The combined filtrate and washings 
were cooled and acidified with 2N sulphuric acid. The product was 
filtered off and dried under vacuum. 
The manganese dioxide was washed with chloroform (3 x 200 m1) 
to yield 6 g of starting material. 
Yield 2 g (55% based on recovered 
M.p. 191 - 194 0 (ethyl acetate) 
Analysis 
Found I 
C22H19N04 requires I 
·--N.m.r. (DMSO - d6) 
6 1.56 p.p.m. 
3.4 
6.3 - 8.0 
9.2 
11.0 - 13.5 
I.r. (mull) 
C, 
C, 
v
max 3600 - 2500 br, 
U.v. (95% ethanol) 
'" 240.5 nm max 
73.15, H, 
73.15, H, 
s 3H 
br 8 1H 
m 13H 
s 1B 
br 1H 
3490 br, 
5.10, 
5.25; 
- CH 3 
carbinol 
arom. 
- NB -
- COOH 
3375, 
N, 3.55% 
N, 3.90% 
- OH (ex. 
(ex. 
(ex. 
OH 
c~O 
I OH 
with D2O) 
with D2O) 
with D2O) 
1690, 1655 -1 cm 
172. 
Mass spectrum 
:; .' 
m/e 361 (M+) (5%), 344 (7%), 343 (1~fo)t 302 (14%), 301 (6~fo)t 
300 (100%), 299 (14%), 283 (7%), 257 (1~fo), 256 (38%), 
255 (10%), 254 (21%), 224 (17%), 180 (17%), 105 (7%), 
77 (7%) 
173. 
SEC T ION 2 
PREPARATION OF THE 2-AMINOTRIPHENYLMETHANES 
2-aminotriphenylmethane 1£! 
A solution of 2-acetamidotriphenylcarbinol ill (30 g) in 
98% formic acid (250 m1) was ref1uxed for 24 hours. The acid was 
distilled off under reduced pressure and the residue dissolved in 
a mixture of methanol (250 ml) and concentrated hydrochloric acid 
(250 ml). Thi~ solution was'refluxed for 5 hours, cooled and made 
basic with aq~eous ammonium hydroxide. The organio material was 
extraoted with chloroform (3 x 200 ml); the chlorotorm solution was 
dried (MgS04) and evaporated to leave a yellow oil which when 
triturated with petroleum (b.p. 60_80°) gave 2-aminotriphenyl_ 
methane lli (18 g, 74%). 
. ° M.p. 126.5 - 127.5 (benzene/petroleum b.p. 60 _ 80°) 
Lit.1t35 129°'" (ether) 
Analysis' . 
Found: ' C, 87.8, H, 6.55; N, 5.2% 
C, 88.0, H, 6.60; '. N, " 5.4% 
,,,"" 
C19~17N requiresl 
, " N.m.r"~(CDCi' ) 
.. 3 
" 
5.2~: " 
br s 2H 
- NH2 (ex. with D2O) 
s·, 1H methine C - H 
,:-6 3.22 p~p.m. 
, _~.. I,., '~._, 
6.4 - 7.3 m 14H arom. 
(mull) 
Ymax 3440, 3360, 1620, 1598 om-
1 
174., 
U.v. (95% ethanol) 
A ~ax 213 nm log10 ~ 4.40 
235 sh 3.86 
286 3.38 
Mass spectrum 
m/e "260 (25%), 259 (M+) (10()l)6), 258 (18%), 241 (7%), 183 (10%)" 
182 (62%), 181 (1~ft), 180 (37%), 168 (5%), 167 (15%), 
166 (1~~), 165 (34%), 77 (10%) 
, 2-amino-4' -methoxytriphen:rlmethane llQ, '. 
Prepared as described above from 2-acetamido-4'-methoxy_ 
triphenylcarbinol in 85% yield. " , ., 
. " 
:a.p. . 0 " 170 - 180 , 
.. 1 ~" 
N.m.r. (CDC13) 
63.39 p.p.m. 
3.69" 
5.42 
6.5- 7.4 
I.r. ,0 (film) 
0.1 mm Hg 
br :s 2H 
's 3H 
s 1n 
m 13H 
~,vmax'3465, 3355,1618, 1250 cm-1 
U.v. (95% ethanol), 
A : 229.5 nm max 
252' 
,_ 275 
286 
374 
sh 
sh 
sh 
Ph 
- NH2 , (ex. with D2O) 
- OCR, 
methine C - H 
arom. 
175. 
Mass spectrum 
m/e 289 (M+) (5%), 288 (17%), 211 (5%), 197 (11%), 196 (72%), 
195 (10~fo), 179 (17%), 167 (11%), 166 (11%), 120 (57%), 
105 (23%), 92 (37%), 77 (48%) 
2-amino-4'-methyltriphenylmethane 114 
Prepared as described above from 2-acetamido-4'-methyl_ 
triphenylcarbinol in 92% yield. 
o B.p. 180 - 190, 0.04 mm Hg . 
Analysis 
Found. C, 88.35; H, 6.75% 
C20H19N requires, C, 87.9; H, 7.0% 
N.m.r. (CDC13~ 
6 2.27 p.p.m. 
3.16 
5.4 
6.5 - 7.4 
I.r. (film) 
br 
s 3H 
- CH, 
s 2H 
- NH2 
a '1H me thine 
m 13H arom. 
(ex. with D2O) 
C - H 
vmax 3440, 3360, 3205, 1630, 1600 cm-1 
U.T. (95% ethanol) 
h max 224 nm ah 
249 ah 
255 log10 £ 4.16 
285.5 '.40· 
'56 3.02 
176. 
Mas8 spectrum 
m/e 214 (25%), 213 (M+) (10~), 212 (13%), 258 (1~fo), 196 (3~fo)' 
194 (13%), 182 (220tb) , 181 {2~),180 (5~), 119 (12%), 
165 (21%), 11 (1~) 
177. 
SEe T ION 3 
PREPARATION OF THE 2-AZIDOTRIPHENYLMETHANES 
2-azldotrlpheny1methane 12Q 
A solution of 2-aminotripheny1methane 12! (5 g) in a 
mixture of 4N su,lphuric acid (250 ml) and purified 1,4-dioxan (250 ml) 
was cooled to·, -5 and a solution of sodium ni trite (1.45 g) in water 
(50 m1)was added'with stirring. After 15 minutes a solution of 
sodium azide (1.4 g) in water (50 ml) was added and the solution was 
warmed gently to 30°. The azide was extracted with ether (3 x 200 ml) 
and the combined ethereal extra~ts d~ied (MgS04). The solvent was 
removed under reduced pressure at 30 and the residual oil was 
percolated through a column of alumina (200 g, activity IV. column 
length 0.2 m) in petroleum (b.p. 40-60°). Evaporation of the solvent 
under reduced pressure at 30° gave 2-azidotriphenylmethane '(4 g~ 73%) 
as a white crystalline solid. 
Analysis 
Found I 
C19H15N3 requires I 
N.m.r. (eDe13) 
6 5.8 p.p.m. 
6.7 - 7.4 
I.r. (mull) 
vmax 2125, 
e, 
C, 
Ph 
80.4. H, 4.9. N, 14.6% 
80.0, H, 5.3; Nt 14.7% 
s 1H methine C - R 
m 14H arom. 
178. 
U.v. (95% ethanol) 
Amax 222 nm sh 
253.5 
263 sh 
280 sh 
··289 sh 
A 
min 235 nm 
Mass spectrum 
m/e 285 (M+) ( 1%), 258 (37%), 257 (100%), 256 (220,.6), 255 (31%),. 
180 (50%), 179 (22%) 
2-azido-4'-metho;ytriphenylmethane 160 
Prepared as described above trom 2~amino-4'-methoxy_ 
triphenylmethane ill in 87',,6 yield. 
Analysis 
Found: 
C20H17N30 requires: 
N.m.r. (CDCI3) 
6 3.75 p.p.m. 
5.75 
6.8 - 7.4 
I.r. (film) 
vmax 2130, 1298, 
U.v. (95% ethanol) 
Amax 230 nm 
252 
264 
280 
290 
Ph 
C, 76.4, H, 5.85, N, 12.9% 
C, 76.2, H, 5.45, N, 13.3% 
1282, 
sh 
sh 
sh 
sh 
s 3H - OCH3 
s 1H methine C - H 
m 13H arom. 
log10 £ 4.01 
179 .. 
Mass spectrum 
m/e315 (M+) (1~~), 288 (7%), 287 (43%), 286 (100%), 285 (11%), 
273 (nb), 27,2 (34%), 271 (8%), 256 (10%), 254 (7,%), 244 (9%), 
243 (15%), 242 (25%), 241 (1~fo), 226 (21%), 210 (21%), 
198 (15%), 197 (9%), 180 (16%), 167 (14%), 134 (28%), 
1'33 (28%), 120 (2~;b), 119 (40%), 1 05 (4~;b), 
180. 
SEC T ION 4 
DECOMPOSITION OF THE 2-AZIDOTRIPHENYLMETHANES 
The azides were decomposed thermally in 1,2,4-trich1oro-
benzene. The general procedure for the decompositions was as 
follows: 
A solution of the azide in 1,2,4-trich1orobenzene (100 m1) 
was added dropwise during 45 minutes to trich1orobenzene (1 1) 
. . 0 
maintained at a specified temperature in the range 180.- 200 • The 
trich1orobenzene was stirred vigorously during the addition ot the 
azide and a slow stream ot dry nitrogen was passed through the 
solution during the entire decomposition. 
Atter 4 hours the solution was,cooled and the solvent 
removed by distillation under reduced pressure (1 mm Hg). The 
residue was treated as described tor the individual azides. 
181. 
DECOMPOSITION OF 2-AZIDOTRIPHENYLMETHANE '12Q 
Decomposition of the azide (3.8 g) gave, after removal of 
the solvent, a black oil which was shown by gas chromatography to 
comprise two major and two minor products. The oil was 
chromatographed on a column of alumina (200 g, activity IV). The 
column was eluted with benzene and two fractions were obtained. 
The first fraction (1 1) was evaporated to leave a red oil 
(2.25 g) which on trituration with petroleum (b.p. 60-80°) gave 
9,10-dihydro-9-phenylacridine 112 (0.41 g)., 
9,10-dihydro-9-phenylacridine ~ 
Ph 
-
M.p. 170 - 171°" (petroleum b.p., 60 _ 80°) 
Lit.195 1700 (~enzene) 
Analysis 
Found I C, 88.65, H, 5.7. N, 5.5% 
C19H15N requiresl C, 88.65; H, 5.9; N, 5.45% 
.. "~". ~ 
N.m.r.,( CDC13)", , 
l> 5.28 p.p.m. s 1H H on C-9 
6.1 ~,'" br s 1H 
- NH- (ex. with D2O) 
'·6.6-7.3 m 13H arom •. 
I.r. (mull) . 
"max 3375, 1608, 1604, 1582 -1 cm 
U.v. (95%' ethanol) 
A max 224 nm sh 
254 sh 
289 10g10 £ 4.13 > . ~ ; 
. 312 sh' , . , , , . 
A min 246 10g10 £ 3.70 
182. 
Mass spectrum 
m/e 258 (1%), 257 (M+) (35%), 256 (13%), 255 (18%), 254 (18%), 
I 181 (1'r;6), 180 (100%), 179 (7%), 155 (9%), 77 (9%) 
> > 
The second fraction (500 ml) was evaporated to give 0.65 g 
of a yellow solid which recrystallised from petroleum (b.p. 60-80°) 
and was identified as 9-phenylacridine 111' (0.38g)~ 
9-phenylacridine 111 
183 _ 184 ° (petroleum b.p. 60 _ 80°) 
Lit.195 184 0. (ethanol) 
Analysis ''" 
Foundz' 
\ > C19H13N reqUi~eSI 
N.m.r.(CDC13) 
C, 89.35, H, 5.10, N, 5.40% 
C, 89.4. H, 5.10; N, 5.50% 
b 7.2 - 8.4 p.p.m. 
I.r. (mull) 
-1 
v 1630, 1608 cm 
max 
U.v. (95% ethanol) 
A 219 nm eh 
max 
253.5 
359; 
Mass spectrum 
m arom. 
log10£ 5.10 
4.00 ~ 
Ph 
m/e 256 (1&,%), 255 (M+) (10~~), 254 (66%), 253 (13%), 226 (6%)~ 
127?5 (11%), 12T (180;6), 126.5 (6%), 126 (15%) 
The combined residues from the crystallisations were 
chromatographed on a column of alumina (200 g, activity IV) in 
° ' petroleum (b.p. 60-80). The first fraction (500 ml) eluted from 
this column gave, on evaporation of the solvent, 11-phenyl~OH­
azepino[1 ,2-a] indole ill (1.05 g) 
11-phenyl-10H-azepino[1,2-a]indole ~ 
\ M.p. 74 - 75 ° 
Analysis 
Founds 
C19H15N requires: 
N.m.r. (CDC1,) 
6 '.49 p.p.m. 
5.6 - 6., 
7.0 - 7.7 " 
I.r. (mUll) 
(petroleum b.p. 60 _ 80°) 
C, 88.9; H, 5.85; N, 5.40% 
C, 88.65; H, 5.9; N, 5.45% 
d 2H H on C-10 J 9,10 a 5Hz 
m 3H H on C-7t', 8 and 9 
m 10H H on C-6 and arom. 
vmax ,050, ,025, 16,6, 1602, 1567 cm-
1 
U.v. (95% ethanol) 
~max 234 nm log10 £ 4.41 
270.5 4.24" 
305 sh 
325 sh 
Mass spectrum 
m/e 258' (21%), 257 (M+) (100%), 256 (41%), 255 (100"t), 254 (16%), 
241 (5%), 180 (15%), 128.5 (1%), 127.5 (11%), 127 (11%)~ 
120.5 (7%) 
The second and third fractions (1 1) contained a small 
amount of material which was not identified. The column was then 
washed with chloroform to remove some coloured bands ... This yielded 
850 mg of a mixture of products which was spread on to three 
preparative plates and eluted with toluene. Five fairly clearly 
defined .. bands (Bands I - V in order of decreasing ~) were produced. 
Band 1 19 mg 
Band 11 18mg 
Band III 130 mg 
Band IV 260 mg 
Band V 100 mg 
Band 1 was not~identified. 
Band 11 gave a red solid which was identified from its 
mass spect~m as 2,2 t -bis(diphenylmethyl)azobenzene 112. 
2,2 t -bis(diphenxlmethyl)azobenzene 112 
U.v. 
A max 
o 
11? - 122 
(cyclohexane) 
257 nm 
268 sh 
, 287 
310 
342 
390 
Mass spectrum 
(petroleum b,p. 
log10 C 4.66 
4.64 
4.54 
4.49 
4.28 
3.76 
m / e 514 (M+) (120;6), 51 3 (1 5%), 512 ( 35%), 511 ( aofo), 510 (12%), 
259 (15%), 258 (25%)" 257. (54%), 256 (100%), 255 (13%), 
254 (19%), 243 (30%), 160 (15%) 
Band III was identified as 9,.1 0-dihydro-9-phenyl_ 
acridine ill. 
185. 
Band IV was identified as 2-aminotripheny1methane 12! by 
comparison with an authentic sample. 
Band V was identified as 9-pheny1acridine 111 
The remaining crysta11isation"liquors were evaporated and 
the res~due similarly chromatographed on preparative plates with 
toluene to yield the azepinoindo1e ~ (210 mg), 9-pheny1acridan 
(2a mg) and 9-pheny1 acridine (8 mg). 
The total yields of. isolated products were: . 
11-pheny1-1 OH-azepino[ 1 ,.2-a] indo le ~ 1.05 g 31% 
9-pheny1acridan ill 0.56 g 19% 
9-pheny1acridine 111 0.49 g 14% 
2-aminotripheny1methane, 
.lli. 0.26 g 7.5% 
Azo compound ill 0'.018 g 1% 
• 
;' .' 
; '. 
186. 
DECOMPOSITION OF 2-AZIDO-4t-METHOXYTRIPHENYLMETHANE 160 
The decomposition of the azide (9 g) at 185°_for four 
hours gave, after removal of the solvent, a red tar which gave five 
peaks on a g.l.c. trace (3% av 101 on Supasorb A.W., 50 m1/min 
nitrogen 2090 )" although t.1.c. showed the presence of seven 
components. 
An attempt was made to separate the mixture by column 
chromatography, the crude decomposition product (2.75 g) was ' 
chromatographed on a column' of a1umina (300 g" activity IV" co1~ 
1ength'1 m). 
The column was eluted with petroleum (b.p. 40 - 600)/ben~ene 
(50/50), 25 m1 fractions were collected and the fractions checked by 
gas chromatography and n.m.r. spectroscapy. 
The following table (Table 3) lists the products eluted 
from the column, the fractions in which they appeared and the weight 
of each fraction. 
TABLE 3 
Product Fractions Weight (mg) 
1 1 - 3 410 
2 4,5: 350 
2,3 6,,1 460 
3 8 -15 '",597 
4,,5 16 - 30 ' 403 
6 31 - 50 165 
, , 
7,8 51 - 123 330 
'2,,1115 
Recovery 99%' 
Product 1 was a colourless oil and was identified from 
its n.m.r. spectrum as 1,2,4-trich10robenzene. 
Products 2 and 3 crystallised from petroleum (b.p •. 60-
° . 80 ) to give pure samples o.f 11-(4-methoXYPhenY1)~10H-azepino[1,<2_a]_ 
indole ~ and 8,9-dih1dro-8,9-~ethano-8-methoXY-10-phenY1pyrido_ 
[1,2-a]indo1e '1§1 resp~ctive1y. 
The mixture of products 4 and 5 was dissolved in boiling 
petroleum lb.p. 60 - 80°) and the solution allowed to cool to room 
187. 
temperature. Pure product 4 crystallised slowly. It was identified 
from its spectral data as 9,10-dihydro-9-(4-methoxyphenyl)acridine 
!§l. ICooling in an ice-salt mixture promoted co-crystallisation of 
products 4 and 5. 
A pure sample of product 7 was obtained in a similar manner. 
This com,pound was identified as 9-(4-methoxyphenyl)acridine ~ by 
comparison of its melting point and Ultra violet spectrum with 
literature data. 
Pure samples of products 8 and 5 were not isolated but 
spectral data was obtained from mixtures. These compounds were 
identified as 3-methoxy-9-phenylacridine ill and its 9,,10-dihydro 
derivative 1§! respectively. 
Product 6 was an oil and was identified from its n.m.r. 
spectrum as 2-amino-4'-methoxytriphenylmethane 11Q. 
The high recovery from the column enabled the yield of each 
compound to be calculated. The proportions of compounds in mixtures 
could easily be calculated from the n.m.r. spectrum of the mixture. 
The meth~;Ylgroup in each component had a different chemical shift 
so the proportions wer~calculate~ using the, area of the methoxyl 
peak as meas~red by its integral. 
Percentage of product X = 
peak area of methoxyl group in X 
sum of peak areas, of methoxyl groups in X, Y •••• x 100 
Properties of the isolated productsl 
11-(4-methoxyphenyl)-10H-azepino[1,2-a]indole 1§Q eaCH 
, S 
Product 2 
Yield: 17% 
97 - 99 0 (petroleum b.p. 60 
, " 
Analysis 
Found: 
02pR17NO requires: 
N.m.r. (OD013) 
6 3.44 p.p.m. 
3.6'2 
5.5 - 6.1 
6.8 - 7.6 
I.r. . (mull) 
0, 83.85; H, 6.20, H, 4.70% 
0, 83.60; H, 6.00; N ,. 4.85% 
d 2H H on 0-10 J = 5Hz 
s 3H -00H3 
m 3H H on 0-7,8 and 9 
m 9H H on 0-6 and arom. 
vmax 3058" 3030, 3018, 1632, 1600~cm-1 
U.v. (95% ethanol) 
Amax 234.5 run log10 £ 4.45 
267.5 4.29 
296 sh 
325 sh 
335 sh 
Mass spectrum 
188. 
m/e 288 (23%), 287 (M+) (10~~), 286 (34%), 213 ( 17%), 272 (83%), 
27.1 (ao~), 244 (13%),: 243 (11%)",242 (19%), 241 (13%), 
180 (21%), 143 (12<';6) 
.. ' 
.... 
, . 
.. 8.9-dihydro-8.9-methano-8-m~thoxY-10-phenYlpyrido[1t2_a] indole 
Product 3 
. Yield: 34% 
155 - 157 0 : (petroleum b.p. 60 _ 800 ) 
Analysis 
Found: 
020H1~0 requires: 
0, 83.4. H, 5.80; N, 4.95% 
0, 83.6; H, 6.00, N, 4.85% 
181 
-
N.m.r. (CDC13) 
6 0.59 p.p.m. 
1.83 
2.68 
d of d 1H Ha on C-11 
J1ia,11b = 4.8Hz, 
d of d 1H Hb on C-11 
J11a~11b = 4.8Hz, 
m 1H H on C-9 
J11a,9 = 5.8Hz," 
J11b,9 = 10.2Hz, 
-J7,9 - = 2.0Hz 
s 3H '-OCH3 
d of d 1H H on C-7 
J11a,9 = 5.8Hz 
J11b ,9 = 10.2Hz 
J7,9 = 2.0Hz, J 6 ,7 = 8.0Hz 
m 10R H on c-6 and arom. " 
I.r.' (mull) 
v 3062; 1650, 1600 cm-1 max 
U.v. (95% ethanol) 
A max 227.5 nm 
256 
285 
314 
Mass spectrum 
sh 
log10 £ 4.41 
4.49 
" . 
, \' 
4.18 
m/e 288. (31%), 287 (M+) (100%), 286 (22%),273 (9%), 272 (~8%), 
271 (1~;6), 270 (20%), 257 (16%), 256 (41%), "255 (9%),254 (200;6) 
244 (7%), 243 (2"(0;6), 242 (3~;6), 241 (14%), 240 (18%) 
9, 1 0-dihydro-9(4-methoxyphenyl)acridine 
.Product 4 
Yieldi" 12% 
Analysis 
Founds 
C20H17NO requiresl 
H, 5,70, N, 4,7"5% 
H, 5.95, N, 4.9% 
182 OCH~ 
-
N.m.r. (CDC13 ) 
b 3.7,1 p.p.m. 
5.'24 
6.1 
6.6 - 7.2 
I.r. "'(mull) 
v 3380, 1610, max 
U.v. (95% ethanol) 
A 228 nm 
max 
285.5 
315 
Mass spectrum 
1581 
sh 
s 3H -OCH3 
s 1H methine C-H 
br s 1H -NH-(ex. with D20) 
m 12H arom. 
-1 cm 
log10 £ 4.30 
4' .. 15 
190. 
m/e 288 (8%), 287 (M+) (37%), 286 (14%), 285 (5%), 242 (6%), 
241 (5%),210 (18%),181 {17%), 180 (100%),179 (7%) " 
9-(4-methoxyphenyl)acrldine ~ 
Product t 
Yield: 696 
, M.p. 213 - 214 0 
Lit.198213° 
Analysis 
Found: " 
C20H15NO requires: 
N.m.r. (CDCt3) 
b 3.87 p.p.m. 
6.9 -"8.3 
o (petroleum b.p. AO - 50 /ether) 
H,5.25, N,5.65% 
H, 5.3, N, 4.9~fo 
s 3H -OCH3 
m 12H arom. 
191. 
U.v. (95% ethanol) 
Amax 220 nm log10 £ 4.41 
, 227 sh 4.37 
253 5.01 
343 . sh 
.. 356 3.97 
. Mass spectrum 
m/e 286 (48%), 285 (M+) (100%),,284 (17%), 211 (6%), 210 (27%), 
255 (1%), 254 (23%), 243 (5%), 242 (28%), 241 (41%), 240 (2~fo), 
142. 5 (5%) ~ 1 35 (12%), 120. 5 (1 6%) 
9,10-dihydro-3-methoxy-9-phenylacridine 1§i 
~Product 5 
Yield: 
I.r. 
V
max 
14% 
(mull) 
3;60 cm-1 , 
N.m.r. (CDCl;) 
63.11 p.p.m~ 
5.24 
5.95 
s .• ;H -OCR; 
s 1R methine C-R 
br s 1H .':'NH. (ex. with D20) 
3-methoxy-9-phenylacridine ~ 
Product 8 
Yield: 10% 
N.m.r. (CDCl;) 
6 3.95 p.p.m. 
6.9 - 8.; 
s ;R -OCH;. 
m 12R' arom. 
OCH, 
SEC T ION 5 
PREPARATION AND DECOMPOSITION OF 0(-( 2-AZIDOPHENYL)-ct',ill"_ 
DIDEUTERIOTOLUENE 12! 
Preparation of 0(.-( 2-aminophenyl )-c1." ,cl"-dideuteriotoluene 
A complex of lithium aluminium deuteride and aluminium 
chloride was prepared by dissolving anhydrous aluminium chloride 
(20 g, added in portions) in dry ether (100 ml) and adding the 
- --
deuteride (4 g). This gave a complex of approximate formula 
LiA1D 4' 1!A1C13• 
A solution of 2-aminobenzophenone in ether was added 
dropwise with stirring until coagulation occurred and a solid 
precipitated. Approximately 7 g of the ketone was added. 
, The excess --lithium aluminium deuteride was destroyed by the 
addition of , wet ether and eventually water (500 ml). The ether was 
separated and the aqueous layer washed with ether (2 x 200ml). The 
combined w~shings were drie4 (MgS04) and evaporated to leave a brown 
oil (6.1 g, 93%). 
The n.m,r. spectrum of the oil showed only aromatic signals 
and a signal due to the amine protons and the infra red spectrum 
revealed the absence of the carbonyl absorption. The oil was not 
purified further but used directly. 
o<_{ 2-aminophenyl)-o(t ,o."-dideuteriotoluene 
o 0 
o 
B. p. 114 - 116, 0 •. 35 mm Hg 
Analysis 
Found: e, 84.2; H(D)~ 7.20; N, 7.5% 
e, 84.25 N, 7~55% 
H13'for a compound of 
molecular weight 185.3 
N.m.r. (eDe13) 
b 3.58 p.p.m. 
6.5 - 7.3 
I.r. (film) 
vmax 3445, 3362, 
U.v. (95% ethanol) 
A 233.5 nm max . 
285 
Mass spectrum 
s 2H -NH2 (ex. with D20) 
m 9H arom. 
" 
log10 £ 3.87 ~::< 
3.36 
! • 
m/e 186;(16%), 185 (M+) (10~fo)' 184 (4~fo), 183 (11%), 182 (9%), 
181 -(9%), 169 (9%), 168 (~fo), 167,' (16%),. 166 (22%)" 165 (7%)" 
108 (36%), 101 (24%), 106 (~;6), 105 (7%) 
194. 
Preparation of~-(2-azidopheny1)-«t.~"-dideuterioto1uene 12£ 
A solution of the amine (6.1 g) in a mixture of 4N 
sulphuric acid (200 m1) and purified dioxan (200 m1) was cooled to 
0° and a solution of sodium nitrite (2.5~ g, excess) in water (25 m1) 
was adde,d dropwise with stirring. After 15 minutes a solution of 
sodium azide (2.55 g) in water (25 m1) was added and the solution 
was allowed to warm to room temperature. 
,The azide was extracted with ether (~ x ~OO m1), the ether 
extracts dried (MgS04) and evaporated under reduced pressure at ~Oo. 
The residual oil was percolated through a co1umn'of·a1umina 
(200 g, activity IV, column length 0.2 m) in petroleum (b.p. 40 _ 60°). 
° . . Evaporation of the solvent at ~O under reduced pressure 
gave the azide m (5.1 g,. 7~%),as a colourless oil. 
0( -( 2-azidopheny1 )-0(" ,ol"-dideuterioto1uenelli" 
o D 
N.m.r. (CDC1,) 
, 6 6.9 - 7.3 p.p.m. m 
l.r. (film) 
v
max 
21~0, 1290 cm-1 
Mass spectrum " 
m/e 211 (M+) c'CP;b), 183 (29%), 182 (900/0), 181 (1000/0), 180 (50%), 
'179'(1296), 155 (6%), 154 (7%), 15~ ( 10%), 152 (10%), 
91 (8%), 91.5 (~;b), 90 (1CP;b) 
195. 
Decomposi tion of ~-( 2-azidophenyl )-0(' ,d"-dideuteriotoluene .1.21. 
The azide j2g (5.0 g) was decomposed at 187° for four 
hours. The solvent was removed under reduced pressure to leave a 
, , 
black solid which was shown by g.l.c. examination to consist of one 
major a~d several minor components. Recrystallisation from petroleum 
(charcoal) gave the azepinoindole as a pale yellow solid (3.5 g, 6~fo). 
Comparative gas chromatographic analysis of the minor 
products indicated that they were acridan, acridine and the amine 
precursor to the azide 12l. An attempt to isolate these products 
by chromatographic separation of the residue from the crystallisation 
failed. However, the azepinoindole isolated from the column was 
found to have undergone deuterium exchange on the column and a singlet 
due to the H-11 proton was observed in the n.m.r. spectrum. An 
attempt to" reverse the exchange by elution of the azepinoindole down 
a column of alumina, deactivated by D20~ met with only partial 
success. 
The azepinoindole was shown to be deuterated at the C-10 
and 11 positions by careful analysis of its 220 MHz n.m.r. spectrum. 
10,11-dideuterlo-10H-azeplno(1,2-a]indole ~ 
M.p. 91.5 - 92.5 
o (petroleum b.p. 60 _ 80°) 
Analysis 
Founds C,85,3; H,6.10; N,7.65% 
C13H9D2N requiresl C, 85.2 N, 7.65% 
H11 for a compound of 
molecular weight 183.3 H, 6.0' 
196. 
N.m.r. (220 MHz Spectrum, CCl4) 
6 3.32 - 3.43 p.p.m. m 1R H on C-10 
5.12 - 5.86 
5.9.0 
6.98 - 7.09 
1.14 - 7.25 
7.34 - 7.46 
I.r. (mull) 
v " 1640, 1605cm-1 
max 
U.v. (95% ethanol) 
~max 226 run 
211 
, 278 
314 
Mass spectrum 
sh 
d ot d 1R R on C-9 
J 9,10 = 5.5Hz" J 8 ,9 = 9.0Hz 
m 1R H on C-8 
d ot d 1R H on C-1 
J6,1 = 10.2Hz, J1,8 = 5.5Hz 
m 2H arom. or R on C-o and arom. 
m 2H arom. or H on, c-6 and arom. 
m 1H arom. 
log10 £' 4.31' 
4.20 
m/e 184 (120~), 183 (M+) (80%), 182 (100%), 181 (65%), 180, (18%), 
179 (1%), 156 (596), 155 (7%), 154 (11%), 153 (11%), 152 (7%), 
129 (5%), 128 (6%), 91 .. 5{9'tb), 91 (896) , 90' .. 5 (6%)~ 90',(6%), 
18 (8%), '71.5 (6%), 71 (7%),. 76 (5%), 75 (5%) '. '.' .. 
Appearance potential- 15 &V ,184(139'6), 183 (M+) (100%) ,. 
197. 
SEC T ION 6 
FURTHER WORK ON THE DECOMPOSITION PRODUCTS 
Reduction of 11-phenyl-10H-azepino(1.2-a]indole 
A solution of the azepinoindole ~ (0.25 g) in methanol 
containing 1~ palladiUm-on~charcoal (0.1 g) was hydrogenated at 
atmospheric pressure and temperature until absorption had ceased. 
(2 moles H2 absorbed) •. The filtered solution was evaporated and the 
residue recrystallised from petroleum (b.p. 60 - 80°) to give the 
tetrahydro derivative lQg (0.22 g, 87%). 
6,7,8,9-tetrahydro-11-phenyl-10H-azepino[ 1.-2-a] indole gQg, 
M.p. 107.5 - 108.5 ° (petroleum b.p. 60 _ 80°) 
Analysis 
Found: 
C19H19W requires: 
N.m.r. (CDCl,) . 
6 1.7 - 2.0 p.p.m. 
2.9 - 3.2 
4.1 - 4.5 
7.1 - 7.9 
U.v. (95% ethanol) 
~ max 230 nm 
c,. 87.15; 
c, 87.30; 
H" 7 .25, N" 5.,0% 
H, 7.35, N, 5.'5% 
m 6H H on C-7,8 and 9 
m 2H H on C-10 
m 2H H on c-6' 
m 9H arom. 
277 sh 
4.12 
198. 
l>'lass spectrum 
m/e 262 t27%), 261 tM+) (10()o~), 260 (2()o~), 246 (5%), 233 (9%), 
232 (13%), 220 (9<';6), 218 (796), 2177 (796), 206 (1()o~)" 205 (8%), 
204 (11%), 184 (5596), 130.5 (496), 77 (-5%) 
Hydrolysis of the pyridoindo1e ~ 
A solution of the pyridoindo1e (0.2 g) in ether (25 m1) 
was shaken with 2N hydrochloric acid (25 m1) for two minutes. The 
ether was separated, dried (MgS04) and evaporated to give a residue 
identified as the starting material. 
The residue was treated with concentrated hydrochloric 
acid (25 m1). It readily dissolved to give a red solution. Shaking 
the solution with ether (25 m1) did not remove the co1ouration so the 
acid was neutralised with aqueous ammonia and the neutral solution 
extracted with ether (3 x 25 m1). The combined ether extracts were 
dried (MgS04) and evaporated to give a yellow crystalline solid (0.15 g) identified as 9,10-dihydro-11-pheny1azepino[1,2-a]indo1-
8-one lQi •. 
9,10-dihydro-11-pheny1azepino[1,2-a]indol-8-one 203 
o 
M.p. 144 - 144.5·(methano1) 
Analysis 
. "Found: e, " 83.25, . H, 5.85; N, 5.()O~ 
e19H15NO requires: e, 83050; H, 5.55, N; 5.15% 
N.m.r. 
& 2.82 p.p.m. 
3.22 
5.71 
7.2 - 7.8 
Vmax 
(mull) 
1650, 1626, 
U.v. (95% ethanol) 
'" max 227 nm 
251 ah 
275.5 
279 
347 
Mass spectrum 
ah 
m 2H H on C-10 
m 2H H on C-9 
d 1H H on C-7 J 6,7 = 10Hz 
m 10H arom. and H on c-6 
-1 cm 
199. 
m/e 274 (23%), 273 (M+) (10~~), 246 (18%), 245 (75%), 244 (93%), 
243 (18%), 230 (18%), 217 (15%) 
Attempted isomerisation of the pyridoindole 1§! 
A.solution of the pyridoindole 1§! (0.2 g) in 1,2,4-
trichlorobenzene (1 ml) contained in an n.m.r. tube was maintained 
at a temperature of 195 0 by refluxing decalin. The progress of the 
-thermolysis was followed by n.m.r. spectroscopy. 
As time progressed the emergence of a peak 0.2 p.p.m. 
down-field of the pyridoindole methoxyl group signal was observed. 
This peak gradually increased in height and after 30 hours was the 
predominant peak. The corresponding diminution of the pyridoindole 
signals was also observed. Several other peaks in the region 6 3.0 _ 
4.0 p.p.m. also appeared. 
After 55 hours the reaction was stopped. The signals due 
to the pyridoindole had almost disappeared and a complex pattern had 
emerged in-the region of & 3.0 - 4.0 p.p.m. Examination of the 
solution by g.l.c. revealed the presence of six components, some of 
which had retention times similar to the acridan/acridine products. 
200. 
The solvent was removed and the residue spread onto a 
preparative plate. Elution with benzene gave five ill-defined 
bands. I 
1. ~ 0.72 red 
2. 0.63 orange 
3. 0.40 colourless/black U.V. reaction 
4. 0.09 yellow/black U.V. reaction 
5. 0.03 colourless/blue U.V. reaction 
These bands were removed and examined by linked gas 
chromatography - mass spectrometry but because of the very high 
background no useful data was obtained. 
The reaction was not repeated. 
REFERENCES 
201. 
REFERENCES 
1. J. Stieglitz, J. Amer. Chem., 1896, ~, 751 
2. "F. Tiemann, Chem. :Ber., 1891, li, 4162 
3. C.:W. Porter, "Molecular Rearrangements", Chemical Catalog 
Co., New York, 1928 
4. A. F. Morgan, J. 'Amer. Chem. Soc., 1916, ~, 2095 
5. L. Horner and C. Christmann, Angew. Chem. Internat. Ed •• , 
1963, .3.1, 599 
6. R. A. Abramovitch and :B. A. Davies, Chem. Rev., 1964, §! 
149 
7. J. H.' :Boyer, "Mechanism of Molecular Migration", Ed., 
]~ S. Thyagarajan, Interecience Publishers, New York, 1969, 
Vol~ 2, page 267 
8. T~ L. Gilchrist and C. W. Rees, "Carbenes, Nitrenes and 
Aryne", Nelson, London, 1969' 
10. 
11. 
W. Lwowski, "Nitrenes", Ed., Interscience Publishers, 
New York, 1970 
R. K. Smalley and H. Suschitzky, Chem. " and Ind., 1970, 1338 
R. A. Abramovitch, "Essays on Free-Radical Chemistry", Chem. 
'. .' 
So"c~"Special Publication, No, 24, ;1970 
R. :Belloli, J. Chem. Ed., 1971, ~, 422 
", 
A. Reiser, G~ :Bowes and R. J. Home, Trans. Faraday Soc., 
1966, g, 3162 
14. A. Reiser, G. C~ Terry and F. W. Willetts, Nature, 1966, 
"m, 410 
15. A. Reiser, G. C. Terry, F. W. Willetts, V. Williams:and 
R. Marley, Trans. Faraday Soc., 1968, §!. 3265 
16. E. Wasserman, G. Smolinsky and W. A~ Yager, J. Amer."Chem. 
Soc., 1964, ~, 3166 
17. E. Wasserman, G. Smolinsky and W. A. Yager, J.Amer. Chem. 
Soc., 1962, ~, 3220 
18. R~ M. Moriarty, M. RahIDan and G.'J. King, J. Amer. Chem. Soc., 
1966, .lli!, 842 
19. G. L'Abbe, Chem. Rev., 1969, §2, 345 
202. 
20. S. Patai, "The Chemistry of the Azido Group",' lnterscience 
Publishers, New York, 1971 
21. \ W. Pritzkow and D. Timm, J. Prakt. Cham., 1966, ~, 178 
22. R. A. Abramovitch and E. P. Kyba, J. Amer. Chem. Soc., 1974, 
,22, 480 
23. J. K. Senior, J •. Amer. Chem. Soc., 1916,~, 2718 
24. F. D. Lewis and W. H. Saunders Jr., J. ~mer. Chem. Soc., 1967, 
.§.2, 645· 
25. W. B. Saunders Jr., and J. C.Ware, J. Amer. Chem. Soc., 1958, 
.§Q, 3328 
26. W. H. Saunders Jr., and E. A. Caress, J. Amer. Chem. Soc., 
1964, .§§., 861 
27. R. M. Moriarty and R. C. Reardon, .Tetrahedron, 1970, 12,,1379 
28. R. A. Abramovitch and E. P. Kyba, J. Amer. Chem. Soc., 1971, 
li, 1537 
29. P. A. S. Smith and J. H. Ball, J. Amer. Chem. Soc., 1962, ~, 
480 
P. Walker and W. A. Waters, J. Chem. Soc. 1962,.1632 
A. J. Boulton, Adv. Het. Chem., 1969,-12, 1 
S. Patai andY. Gotshal, J. Chem. Soc. (B),,)1966, 489· 
J. H. Hall, F. E. Behr and R. L. Reed, J. Amer. Chem. Soc., 
·1972,.2!,4952 
34. R. Carboni and J. E. Castle, J. Amer. Chem. Soc., 1962, ~, 
2435 
35. R. Carboni, J. E. Castle, J. C. Kauer and H. E. Simmons, 
J. Amer. Chem. Soc., 1967, .§.2, 2618 
36. P. A. S. Smith, Chap. 4. "Nitrenes", Ed., W. Lwowski, 
lnterscience Publishers, New York. 
37. W.Lwowski, Angew. Chem. lnternat. Ed., 1967, .€o, 897 
38. G. Smolinsky and B. I. Feuer, J. Org. Chem., 1966, 11, 3882 
39. G. Smolinsky and B. I. Feuer, J. Org. Chem., 1964, l2, 3097 
40. P. A. S. Smith and B •. B. Brown, J. Amer.Chem. Soc., .:1951, 13., 
2435 
41. A. Bertho, Chem. Be~., 1924, 21, 1138 
42. G. Smolinsky,J. Org. Chem., 1961,12,4108 
43. R. J. Sundberg, R. H •. Smith and J. E. Bloor,J. Amer. Chem. 
Soo., 1969, 21, 3392 
44. R. A. Abramovitch and E. F. V.Scriven, Chem. Comm., 1970, 787 
203. 
45. P. A. S. Smith, J. Org. Chem., 1958, li, 524 
46. P. A. S. Smith and J. H. Boyer, J. Amer. Chem. Soc., 1951, 
li, 2626 
47." R. A. Abramovitch and K. A. H. Adams, Can. J. Chem., 1961, 12, 
2516 
48. R. Y. Ning, P. B. Madan and L. H. Sternbach, J. Org. Chem., 
1973, j!!, 3995' 
49. P.-A. Smith, B. B. Brown, R. K. Putney and R. R. Reinisch, 
'. '" J. Amer. Chem. Soc., 1935, -12, 6335 
50. J. I. G. Cadogan, S. Ku1ik and M. J. Todd, Chem Comm., 1968, 
186, 736 
51. L. o. Krbechek and H. Takimoto, J. Org. Chem., 1968, 12, 4286 
52. G. Jones, G. R.'C1iff andE. W. Co11ington, J.,'Chem. Soc., (C), 
1970, '1490 
57. 
58. 
59. 
60. 
61. 
62. 
,- 63. 
G. Jones and G. R. Cliff, J. Chem. Soc., (C), 1971, 3418 
G. Jonesand G. R. C1iff,Chem. Comm.,1970, 1705 
M. Messer and D. Farge, Bull. Soc.,Chim. France, 1968, 2832 
" J. I. G. Cadogan, S~ Ku1ik, C. Thomson and M. J. Todd, J. Chem. 
Soc.~-(6);~1970, 2437 
J. I. G. Cadogan and S. Ku1ik, J. Chem. Soc., (C), 1971, 2671 
L. Wolff, Annalen, 1912, 394, 59 
R. Huisgen, D. Vossius and M. Appl, Chem. Ber., 1958, ~, 1 
W. von E~ Doerlngand R. A. Odum, Tetrahedron, 1966,~, 81 
R. Huisgen and M. Appl, Chem~Ber~, 1958; ~, 12 
A. Reiser and R. Marley,Trans. Faraday. Soc., 1968,,'.2!, ,1806 
J. S. Swenton, T. J. lke1er and B. H. Wi11iams, Chem. Comm., 
1969, 1263 
-J. S. Swenton, T.J.'lkelerand B. H. Wil1iams, J. Amer.,Chem. 
Soc., 1970, ~, 3103' 
P. A. Lehman and R. S. Berry, J. Amer.Chem. Soc.,1973,'~, 
8614 
66. L. Horner, A. Christmann and A. Gross,· Chem. Ber.,· 191>3, .2,2,,, 
399 
67. R. J. Sundberg, S. R. Suter and M. Brenner,·J.'Amer. Chem. Soc., 
. -
1972, .2.4" 513 
68. R. J. Sundberg, S. R. Suter, M. Brenner and B. P. Das, 
Tetrahedron Letters, 1970, 2715 
204. 
w. Lwowski, S. Linke and G. T. Tisue, J. Amer. Chem. Soc., 
1967, .§.2" 6~08 
70. W. Lwowski and J. S. McConaghy Jr., J. Amer. Chem. Soc" 1965, 
!ll, 5490' 
V. Lwowski and J. S. McConaghy Jr., J. Amer. Chem. Soc., 1967, 
§.2, 2~57 
72. P. S. Skell and R. C. Woodworth, J. Amer. Chem. Soc., 1956, 
1§" 4496 
7~. A. L. J. :Beckwith and J. W. Redmond, Chem. Comm., 1967,165, 
J. Amer. Chem. Soc., 1968, ~~ 1~51 
74. J. E. Lettler and Y. Tsuno, J. Org. Chem., 1963, l§, 190, 902 
75. L. Horner and A. Christmann, Chem. :Ber., 1963, ~88 
76. D. S. :Breslow, M. F. Sloan, N. R. Newburg and W. :B. Rentrow, 
J~ Amer. Chem. Soc., 1969, il, 2273 
77. R. A. Abramovltch and W. D. Holcomb, Chem. Comm., 1969, 1298 
78. R. A. Abramovitch, C. I. Azogu and I. T. McMaster, J. Amer. 
Chem. Soc., 1969, il, 1219 
79. J. F. Tllney-:Bassett, J. Chem. Soc., 1962, 2517 
80. R~ A.Abramovitch, J. Roy and V. Uma, Can. J. Chem., 1965, 
.4..2, 34~7 
81. R. A. Abramovltch and V. Uma, Chem. Comm., 1968, 797 
82. R.'A. Abramovltch, V. Uma, T. D. :Bailey and T. Takaya, J. Org. 
Chem.,'1974, l2, ~40 
83. P.K. Datta,J. Ind. Chem. Soc., 1947. 14, 109 
84. J. N. Ashley. G. L. :Buchanan and A. P. T. Eason, J. Chem. Soc., 
1947, 60 
85. 
86. 
R. A. Abramovitch and T. Takaya, J. Org. Chem. ~ 1972, .21, 
A. G~ Anastassiou, H. E. Simmons and F. D. Marsh, J~ Amer. 
Chem. Soc., 1965, §l, 2296 
A.' G. Anastassiou and H. E. Simmons, J. Amer • Chem. Soc., 
.§.2" 3177 
2022 
1967, 
88. F. D. Marsh and H. E. Simmons, J. Amer. Chem~ Soc., 1J65, li, 
" 89. 
'90. 
" 91, 
92. 
3579 
F. D. Marsh and M. ~. Hermes; J. Org. Chem., 1972, 11, 2969 
D. L. Vlvian, G. Y. Greenberg and J. L.Hartwell~ J.,Org. Chem. 
1951, .12,: 1 
J. I. G. Cadogan, Quart. Rev.,~XXIl,1968, 222 
J. I. G. Cadogan and R. K. Mackle, Chem. Soc. Rev., 1974, 2, 87 
93. R. J. Sundberg, J. !mer. Chem. Soc., 1966, ~, 3781 
94. J. I. G. Cadogan and M. J. Todd, Chem. Comm., 1967, 178, 
J. Chem. Soc., (C)i.1969, 28Q8 
95. R. A. Odum and M. ~renner, J. Amer. Chem. Soc., 1966, ~, 2075 
96. J. I. G. Cadogan, D. J. Sears, D. M. Smith and M. J. Todd, 
~. Chem. Soc., (C), 1969, 2813 
97. F. R. Atherton and R. W. Lambert, J. Chem. Soc., Perkin I, 
1973, 1079 
98. J. I. G. Cadogan and J. ~. Thomson, Chem. Comm., 1969, 770 
99. J. I. G. Cadogan, ~M~. Cameron-Wood, R. K. Mackie and R. J. Searle 
J. Chem. Soc., 1965, 4831 
100. 
101. 
102. 
105. 
106. 
107. 
108. 
,109. 
110. 
111. 
112. 
113. 
114. 
115. 
116. 
117. 
118. 
119. 
J. I. 
L. A. 
C. G. 
2423 
D. M. 
Soc., 
H. E. 
Soc., 
R. R. 
w. R. 
572. 
G. Cadogan and R. J. Searle, Chem. and Ind., 1963, 1434 
Carpino, J.,Amer. Chem. Soc., 1957,12,4427 
Overberger and L. P. Herin, J.. Org. Chem., 1962, li, 
Lemal, T. W. Rave and S. D. McGregor, J. Amer. Chem. 
1963, .§.5" 1944 
~aumgarten, ,P. L. Creger and R. ,L. Zey, J. Amer. Chem. 
,1960 , g, 3977. 
Poirier and F. ~enington, J. Org. Chem., 1954, ~,1157 
Mc~ride and R. W. Kruse, J. Amer. Chem. Soc., 1957, ~, 
C. W. Rees and R. S. Atkinson, J. Chem. Soc., (C), 1969, 772 
C. W. Rees, D •. J. Anderson, T. L. Gilchrist and D. C. Horwell, 
J. Chem. Soc., (C), 1970, 576 
H. Person and F. Tonnard, Tetrahedron Letters, 1973, 2495 
C. W. Rees, D. C. Horwell, D. J. Anderson,;~.,S~anton·an4 
T. L. Gilchrist, J. Chem. Soc., Perkin I, ,1972, 1317 
C. W. Rees, D. J. Anderson, T. L. Gilchrist and G. E. Gymer, 
J.' Chem. Soc., Perkin I, 1973, 550 
D. W. Jones, J. Chem. Soc., Perkin I, 1972, 2728 
D. W. Jones, J. Chem. Soc., Perkin I, 1972, 225 
D. W. Jones, J. Chem. Soc., Chem. Comm., 1972, 885 
D. W. Jones, Chem. Comm., 1973, 67 
G. Jones.and E. E. Glover, J. Chem. Soc., 1958, 3021 
A. R. Collicutt an~ G. Jones, J. Chem. Soc., 1960, 4101 
A. Fozard and G. Jones, J. Chem. Soc., .1963, 2203 
A. Fozard and G. Jones, J.Chem. Soc., 1964, 3030 
206. 
120. A. Fozard and G. Jones, J. Chem. Soo., 1964, 2760 
121. A. Fozard and G. Jones, J. Chem.,Soo., 1964, 2713 
122. P. A. Duke and G. Jones, J. Org.Chem., 1965, iQ, 526 
123. T. L. Hough and G. Jones, J. Chem. Soo.,: (C), 1968, 1088 
124. M. K. Connor and E. LeGo££, Tetrahedron Letters, 1970, 2687 
125. W. Treibs, H. M. Barohet, G. Baoh and W. Kiroho£, Anna1en, 
1951, ill, 54 
126. K. Ea£ner and M. Kreuder, Angew Chem. Int. Ed., 1961, 12, 657 
127. K. Ha£ner and U. Mue11er-Westerho££, ,Tetrahedron Letters, 
1967, 4341 
128. K. Ha£ner, J. Haering and W. Jaeke1, Angew Chem. Int. Ed., 
129. 
131. ' 
132. 
133. 
134. 
140. 
141. 
142. 
143. 
144. 
1970, ,2., 159 
studienges~llsoha£t Koh1e m.b.H. G,erman'Patent, Chem. Abs. 
-. , ,. .. ~ . "-" - - ,- .- ." - " .-
1970· 12, P25541" Ch~m. AblS., 19.71, 15., ,P5966 
S. Masamune and N."T. Caste1uooi, Angew Chem. Int. Ed., 1964, 
569 
S. Masamune, K.Hoto and S. Takada, Chem.Comm., 1969,1204 
A. G. Anastassiou,J.'Amer. Chem. Soo., 1968,2Q, 1527 
A •. G ... Anastassiou and R. L. E11iot, Chem. Comm., 1973, 601 
A. G. Anastassiou, R"~L. E11iot, H. W. Wright and J. C1ardy, 
J. Org. Chem., 1973, ~, 1959 
H-D. Martin and M. Hekman, Angew Chem. Int. Ed., 1972, 11, 926 
R.Huisgen and M. A1'1'1, Chem. Ber., 1959, .21, 2961 
B.Iddon, H. Susohitzky and D. S. Tay1or, J. Chem. Soo.,-
Perkin I, 1974, 579 
L. A. Paquette, J. Amer. Chem. Soo.,1962,~, 4987 
1963, !l5., 3288 
1967, .§,2, 3595 
L. A. Paquette, J. Amer.'Chem. Soo.,1963, §,l, 4053 
, 1964, .§.2" 4096 
W. A. Nasutavious and F. Johnson, J. Het. Chem., 1965, l, 26 
J. Org. Chem. 1967,~, 2367,'3325 
B. Peoherer, R. C. ·.Sunbury,aild A. Brossi, J. Het. Chem. 1972. 
,2., 609 . , -
M. Qgata;" H; Kano and H. Matsumoto, Chem. Comm.,·1968~ 397 . 
Tetrahedron, 1969, £,2, 5205' 
M. A. Berwiok; J. Amer. Chem. Soo., 1971,,2,i, 5780 
v. Nair, J. Org. Chem., 1972,-~, 802 
207. 
145. D. J. Anderson and A. Hassner, J. Amer. Chem. Soc~, 1971, 
22, 4339, J. Org. Chem., 1973, 1!, 2565 
146. J. H. Boyer and F. C. Canter, Chem. Rev., 1954, 2!, 1 
147. M. E. C. Biffin, J. Miller,and D. B. Paul, Chap. 2, "The 
Chemistry of the Azido Group", 1971, S. Patai, Ed., 
Interscience Publishers, New York 
148. P. A. S Smith, C. D. Rowe and L. B. Brunner, J. Org. Chem., 
1969, .ll, 3430 
149. J. Lindner and J. Bruhin, Chem. Ber., 1927, §Q, 437 
150. A. Rhomberg and H. Berger, Boehringer Mannheim GmbH, German 
Patent No. 1957259, 1971 12, P5562, P48763 
151. J. Vaughan, G. J. Welch and G. J. Wright, Tetrahedron, 1965, 
11, '-1665 ' 
P. Faller, Bull. Soc. Chim. France., 1968, 3618 
152. J. A. Oliver and P. A. Ongley, Chem; and Ind., 1965, 1024 
153. A. Sanders and W. P. Giering, J. Org. Chem., 1973, ~, 3055 
154. J. B. F. Lloyd and P. A. Ongley, Tetrahedron, 1965, 11, 245 
155. L. Homer, H-G. Schmelzer and B. Thompson, Chem. Ber., 1960, 
.2l, '1774 
156. 
157. 
158. 
'159. 
160. 
161. 
162. 
166. 
F. M.Logullo, A. H. Seitz and L. Friedman, Org. Synth., 1968, 
~, 12 
W. Baker, J. F. M.McOmie and J. W. Barton, J. Chem. Soc" 
1958, 2666 : ' ' 
D. W. Jones, Chem.Soc.,.Symposium., May 1974, and private 
communication 
B. C. Mayo, Chem. Soc. Rev., 1974,i, 49 
W, Baker, M. P, V. Boarland and J ~- F. W. McOmie, J. Chem. Soc., 
1954, 1476 
W. H. Mills and I. G. Nixon, J. Chem. Soc" 1930, 2510 
G. B. Kistiakowsky, M. A. Dolliver, T. L. Gresham and 
W. E. Vaughan, J. Amer. Chem. Soc., 1937, 22, 831 
A. R. Bassindale, C. Eabom and D. R.M. Walto,n, J. Chem. Soc., 
(B), 1969, 12,. 
J. B. F. Lloyd and ~. A. Ongley, Tetrahedron, 1964, gQ, 2185 
A. StreitweiserJr"G.R. Zeigler, P. C. Mowery, A. Lewis, 
and R. G. Lawler, J. Amer. Chem. Soc. ,1968, ,22, 1357 
B. Iddon, M. W. Pickering and H. Suschitzky, Chem. Comm., 
1974, 759 
208. 
167. P. H. Nelson and K. G. Untch, Tetrahedron Letters, 1969, 4475 
168. E. A. Braude, A. G. Brook and R. P. Linstead, J; Chem. Soc., 
1954, 3569 
169. R. P. Linstead, A. F. Millidge, S. L. S. Thomas and 
A. L. Walpol~~ J. Chem. Soc., 1937,: 1146 
170. E. Mossetig and H. M. Duvall, J. Amer. Chem. Soo., 1937, 
22, 387 
171. 
172. 
173. 
, 174. 
L. Velluz, Substances Naturelles de Synthese, 1953, 1 31 
L. Fieser and M. Fieser, Reagents for Organio Synthesis, 1967, 
Wiley, New.York 
H. J. Dauben Jr., F. A. Gadecki, K. M. Harmon and D~ L. Pearson 
J. Amer. Chem. Soo., 1957, 12, 4557 
H. J. Dauben Jr., L. R. Honnen and K. M. Harmon, J. Org. Chem., 
1960, l.l, 1442 
175. E. Clar and R. Sandke, Chem. Ber., 1948, ~, 52 
176. W. C. Lothrop and P. A. Goodwin, J. Amer. Chem. Soo.,1943, . 
.177. 
17/8. 
179. 
1ffO. 
, 181. 
.£.2, 363 . 
G. T. Morgan, F. M. G. Mioklethwait and H.B.Winfield, 
J. Chem. Soo., 1904,~, 745 
C. L. Hewett, L. J. Lermit, H. T. Openshaw~ A. R. Todd, 
A. H. Williams and F. N. Woodward, J. Chem. Soo., 1948~ 292 
H. O. House, 'Modern Synthetio Reaotions·,. W. A. Benjamin lno.~ 
I. T. Harrison and S. Harrison, ':Compendium of Organio 
Synthetio Methods', Wiley-lnterscienoe Publ. 
Huang-Minlon, .J. Amer. Chem. Soo.,··1946, g, 248~ . 
Ng~\'~uu",:,Hoi, R. R~yer and M. Hubert-Habart, J. Chem. Soc., 
1955" 1082 
182. W. A. Waters and D. H. Watson, J. Chem. Soo., 1959, 2082 
183. M. Nograd1.W. D. Ollisand I. O. Sutherland, Chem. Comm., 
1970,. 158' 
184. J. I. G. Cadogan, Aooounts Chem. Res., 1972, ,2, 303 
185. A. !aeye:r-- and V. Villiger, Chem. Ber., 1904, :ll, 3192_ 
186. A. Kliegl, Chem. Ber., 1907, iQ, 4941. Chem. Abs., 1908, 
l,~ 812 
187. I. Tanasesou and A. Silberg, Bull. Soo. Chim Franoe, 1932, 
il, 97, 1357. Chem. Aba.,. 1932, 12,; 2974 
188. I. Tanasesou and T. Simonescu. J. Prakt. Chem., 1934, 1A1, 311 
189. H. E. Ungnade and E. W. Crandall. J. Amer. Chem. Soo., 1949, 
11, 2209 
209. 
190. A. J. Sisti and R. L. Cohen, Can. J. Chem. 1966, A!~ 2580 
191. M. stiles and A. J. Sisti. J. Org. Chem. 1961, l2~.3639 
192. G. R. Pettit, B. Green, P. Rofer, D. C. Ayres and 
P. J. S. Pauwels. Proc. Chem. Soc., 1962, 357 
193. 
194. 
195. 
196. 
198. 
·199. 
200. 
201. 
202. 
203. 
204. 
205. 
206. 
207. 
S. T. Bowden and T. F. Watkins, J. Chem. Soc., 1940~ 1333 
P. D. Bartlett and J. D. McCollum, J. Amer. Chem. Soc., 1956, 
1.§., 1441 
A. Bernthsen, Annalen, 1884,ll!" 13, 25 
A. Steigl, J. Sauer, D. A. Kleier, G. Binsch, J. Amer. Chem. 
Soc., 1972, 2!~ 2770 
L. M. Jackman and S. Sternhell,. "Application of Nuclear 
Magnatic Resonance Spectroscopy in Organic Chemistry", 
Pergamol\ Press 
J. M. Birchall and D. R. Thorpe, J. Chem. Soc., 1968, 2900 
G. Jones and W. McKinley, Private Communication 
R. B. Woodward/and R. Hoffmann, "The Conservation of Orbital 
Symmetry", Verlag Chemie GmbR, Academic Press Inc., 1970 
B. R. Brown and A. M. S. White, J. Chem. Soc., 1957, 3755 
R. F. Nystrom, C. Rainer and A. Berger, J. Amer. Chem. Soc., 
1958, §,Q, 2896 
J. Blackwell and W. J. Rickinbottom, J. Chem. Soc., 1961, 1405 
C. Graebe, Chem. :Ber., 1896, £2, 827 
R. Huisgen and W. D. Zahler, Chem. :Ber., 1963, ~, 736 
G. Schroeter and O. Eisleb, Annalen, 1909, ill, 128 
H. Meyer, Monatsh. 1901, ~, 426 
A. I. Meyers. Private Communication. 
